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THE COMPOSITION OF ETHER EXTRACTIVES FROM 
EXUVIAE OF THE SILKWORM, BOMBYX MORI! 


WERNER BERGMANN? 
Yale University 
New Haven, Conn. 


The cuticle of insects consists of two primary layers, the 
very thin epicuticle and the relatively thick endocuticle. The 
epicuticle, called ‘‘Grenzlamelle’’ by the German authors is 
less than 1 w in thickness. It was first discovered by Haeckel in 
1857, but its biological importance was not fully recognized 
until 1928, when Kihnelt (1928) demonstrated its impermeabil- 
ity and remarkable resistance against chemical agents. Kwthnelt 
showed, for instance, that the wing of a wasp was unaffected by 
a ten day exposure to concentrated sulfuric acid. He also found 
that the epicuticles of exuviae of Tenebrio molitor were resistant 
against a cold solution of chromic acid in concentrated sulfuric 
acid, as well as against concentrated aqueous solutions of various 
alkalies. Hot alkali, however, fused the epicuticular material 
into oily droplets. Kiuhnelt consequently postulated that 
saponification had taken place under this treatment and that a 
fatty acid was one of the components of the epicuticle. The 
presence of a second component of sterol-like character was 
made probable by the positive Liebermann-Burchardt reaction 
of the epicuticular substance. From the results of his investiga- 
tions Kthnelt drew the conclusion that the epicuticle was 
nonchitinous in character, but a ‘‘Lipoidcuticle,”’ that it con- 
tained fusible and non-fusible substances, and that at least 
part of its components were cholesterol esters of fatty acids. 


‘Contribution from the Department of Chemistry, Yale University, New 
Haven, Conn. Published with the permission of the Textile Foundation, Inc., 
Washington, D. C. 


2Textile Foundation, Inc., Research Fellow, 1937-38. 
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Similar observations were made by Wigglesworth (1933) 
with the cuticle of Rhodnius, This investigator concluded that 
‘‘the epicuticular substance is not a protein, carbohydrate or 
simple fat, but that its properties suggest that it might be a 
complex fatty or waxy substance or mixture.”’ For the sake of 
convenience the author proposed the name ‘‘cuticulin’”’ for the 
epicuticular substance. Wigglesworth also pointed out that 
the cuticulin is not entirely confined to the epicuticle, but that, 
at least in the case of Rhodnius, some of this material also enters 
the outer layers of the endocuticle. 

Kithnelt’s and Wigglesworth’s observations offer convincing 
evidence for the lipoid nature of cuticulin. Beyond such a mere 
classification, however, our knowledge concerning the chemical 
composition of this remarkable substance is very deficient. 
Because of the great biological significance of the cuticulin, 
acquisition of such knowledge appears to be very desirable not 
only from an academic, but also from a practical point of view, 
especially in regard to the action of insecticides. 

The present communication deals with an investigation 
undertaken with the purpose of finding a suitable method for 
the preparation of reasonable quantities of cuticulin and of 
obtaining information concerning its chemical composition. 
For some time the author (1934, 1936, 1937) has concerned him- 
self with a study of the chemical composition of the pupa of 
Bombyx mort. During that period a considerable number of 
the last larval exuviae which accompany the pupae in the 
cocoons were collected. These exuviae consist of the endocuticle, 
partly changed by the moulting process, and the unchanged 
epicuticle. Because of the large quantities of silkworms raised 
commercially a considerable number of such exuviae can be 
obtained without great difficulties. The exuviae are as a rule 
free from contamination and form an almost ideal starting 
material for this investigation. 

As Wigglesworth gave the name cuticulin to the substance 
of the epicuticle, a solvent for cuticulin should dissolve the 
epicuticle. It was found that ether or chloroform will extract 
from the exuviae of the silkworm a substance that has chemical 
properties similar to those described by Wigglesworth for 
cuticulin of the isolated epicuticle. As the epicuticle was not 
isolated from the endocuticle in the present experiments and 
as it is not known whether the epicuticle was dissolved by the 
solvents mentioned, the term ‘‘cuticulin’”’ cannot, strictly 
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speaking, be applied to the substance extracted. For conven- 
ience, however, it will be so applied in this paper, with the 
understanding that its meaning is not necessarily identical with 
that of Wigglesworth’s ‘‘cuticulin.”’ 

The material obtained from an ether or chloroform extract 
of exuviae is a slightly brown waxlike mass, representing from 
4 to 4.5% of the weight of the material before extraction. 
Inasmuch as the weight of a single exuvia of the races investi- 
gated by the author averaged between 7.8 mg. for the ‘‘Italian 
Yellow”’ and 8.9 mg. for the ‘‘Japanese Yellow,’’ the average 
cuticulin content of a mature silkworm is 0.35 mg. or 0.45 mg. 
respectively. These data refer to exuviae obtained from cocoons 
containing living pupae. The weight of the extracts of exuviae 
of cocoons containing steam killed insects runs slightly higher, 
presumably because the heat has caused some oily matter to 
escape from the pupa and to contaminate the exuvia. 

For the chemical study between three and four grams of 
cuticulin were prepared by the extraction of approximately 
10,000 exuviae. On saponification cuticulin yielded between 
55% and 60% of a slightly brown, wax-like non-saponifiable 
material, which showed an indefinite melting point between 
50° and 60°. In contrast to the observations by Kihnelt it 
gave only a very faint undecisive Liebermann-Burchardt reac- 
tion for sterols. The non-saponifiable material was then sep- 
arated into a non-alcoholic and an alcoholic fraction by way of 
the pyridin-chlorosulfonic acid method of Natelson and Sobel 
(1935). The non-alcoholic fraction, representing about half of 
the non-saponifiable material appeared to consist mainly of 
paraffins. These were obtained in pure form by repeated 
treatment with warm concentrated sulfuric acid. The purified 
material was colorless and showed a m. p. of 59.5-61°. Analytical 
results indicated that the hydrocarbon possessed the formula 
Co;Hs5 or CosHss. Since, however, Chibnall et al. (1934) have 
shown that even numbered hydrocarbons do not occur among 
the paraffins of waxes, but that they consist of one or more of the 
odd numbers C,;—C;;, it is assumed that the paraffin of cuticulin 
is a mixture of hydrocarbons of the order C2;-C3:. 

The alcoholic fraction of the non-saponifiable material was a 
rather complex mixture as was indicated by the melting point 
which ranged from 70°-100°. On fractional crystallization, a 
substance of the melting point 79°—80° could be obtained which 
appeared to be a mixture of higher alcohols of the order 
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CosHs20 to Cso.HeO. The presence of an alcohol melting over 
100° was also indicated, but lack of sufficient material made its 
purification and identification impossible. 

The acids obtained from the alkaline part of the saponifica- 
tion mixture could easily be separated into small amounts of 
normal saturated and unsaturated fatty acids and an acid of the 
m. p. 88°-90°. This acid, which represented between 23%) and 
24% of the cuticulin showed the composition of octacosanic acid 
CssHssO2. Since, however, as has also been shown by Chibnall 
et al. (1934), saturated wax acids are mixtures of even numbered 
n-fatty acids from Cy—C,,, it must be assumed that the acid from 
cuticulin is a mixture of acids of the order Cop—Cyp. 

From the results of the present investigation it can be 
deduced that the cuticulin of the silkworm contains two major 
components; namely, a mixture of paraffins of the probable 
order C,;—C;, and a mixture of esters of n-alcohols and acids of 
the probable order Cos—C3o. Cuticulin therefore shows a very 
close resemblance to the components of the cuticle of plants, 
which has been the subject of intensive investigations by Chib- 
nall and collaborators (1934). The epicuticle of insects therefore 
confers upon the underlying chitin-protein layer the same pro- 
tection as the cuticle of the plant does to the cellulose. The 
wax-like epicuticle protects the insect against excessive humid- 
ity as well as against desiccation. It might also conceivably offer 
resistance against the external attack of pathogenic organisms 
as well as offer protection against chemical agents. 

Of the components of cuticulin, the easiest one to identify is 
the mixture of paraffins. These substances show a remarkable 
resistance against the action of hot concentrated acids as well 
as alkalies. In this connection, an observation is of interest 
which was made recently by Ongaro (1933). This investigator 
found that treatment with fuming nitric acid on the water bath 
completely destroyed the eggs of Bombyx mori but for a small 
amount of a wax-like material which he identified as octacosane. 
For reasons explained above, however, it is to be assumed that 
this paraffin is not a uniform substance, but rather a mixture of 
odd numbered hydrocarbons. Ongaro found that the eggs 
themselves contained about 0.7% of the paraffin, while the 
shells contained 5.7%. Inasmuch as the shells represent from 
10%-12% of the weight of the egg it can be calculated that 
from 80% to 95% of the paraffin is concentrated in the shell. It 
can therefore be concluded that the epicuticle of the egg of 
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Bombyx mori contains paraffins and that these substances con- 
tribute to the characteristic impermeability of the egg. 

The silk of Bombyx mori also contains a surface layer closely 
resembling the epicuticle of the worm. The silk wax which can 
be obtained by the extraction of raw silk with ether or chloro- 
form contains two major components; namely, paraffins of the 
probable order C2;-C;, and alcohols of the order Cog—Cgo. It 
appears that the presence of this wax makes the silk imper- 
meable to atmospheric water. Further details concerning the 
composition of the silk wax will be presented in a separate 
communication. 

The exuviae which had been used for the preparation of 
cuticulin were analyzed as to their content of chitin, which was 
found to be only about 10%. This value agrees with those 
obtained by Kuwana (1933) who found that the exuviae of 
Bombyx mori contained very little chitin, only 10°%-—20% of the 
cuticle before moulting. 


ANALYTICAL PART 


Weight of Exuviae—788 exuviae obtained from the cocoons of the 
race “Italian Yellow” weighed 6.2956 gm., consequently the average - 
weight of an exuvia was 7.807 mg. 775 exuviae of the race “Japan 
Yellow” weighed 7.0667 gm., or an average of 8.980 mg. per exuvia. 

Preparation of Cuticulin—For the preparation of cuticulin the 
exuviae were ground to a powder and extracted in a Soxhlet apparatus 
with ether or chloroform for 24 hours. 10.0215 gm. of exuviae extracted 
with ether gave 0.4115 gm. cuticulin or 4.10%. 5.0501 gm. of exuviae 
extracted with chloroform gave 0.2102 gm. of cuticulin or 4.16%. 
7.0667 gm. of exuviae obtained from cocoons containing steam killed 
insects, gave 0.3340 gm. of ether extract or 4.72%. 


Saponification of Cuticulin.—0.7960 gm. of cuticulin was refluxed for 
10 hours with a mixture of 10 cc. benzene and 10 cc. of a concentrated 
solution of potassium hydroxide in ethyl alcohol. After cooling, 20 cc. 
of distilled water and 20 cc. of ether were added. The mixture was 
shaken thoroughly and the ether layer drawn off. The aqueous layer 
was then extracted four times with 10 cc. of ether. The ether extracts 
were combined, washed with water, dried over anhydrous sodium 
sulfate and evaporated to dryness. By this method 0.4285 gm. or 
53.8% of non-saponifiable material was obtained. 

Isolation of Paraffins—650 mg. of non-saponifiable material was 
dissolved in a mixture of 10 cc. chloroform and 5 cc. of dry pyridin. 
The solution was cooled in an ice-salt bath, and a solution of 0.5 cc. of 
chlorosulfonic acid in 5 cc. of chloroform was added to it drop by drop. 
The mixture was left at zero degrees over night and then refluxed for 
two hours on the steam bath. Part of the chloroform was then distilled 
off and ether was added to the remaining solution. 10 cc. of 2N sodium 
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carbonate solution was then added and the mixture shaken vigorously 
for several minutes, whereby the sodium salts of the alcoholic esters of 
sulfuric acid were precipitated. The ether was then separated from the 
aqueous layer, a process which could be greatly facilitated by centrif- 
ugation. The salt was filtered off the aqueous layer, washed with 
water, dried in vacuo and exhaustively extracted with ether in a Soxhlet 
apparatus. All ether extracts were then combined, washed thoroughly 
first with dilute sulfuric acid to remove the pyridin and then with 
water, dried over anhydrous sodium sulfate and evaporated to dryness. 
311.4 mg. of a light brown, wax-like material was obtained, which after 
two recrystallizations from ether and alcohol showed a melting point 
of 56-59°. For further purification the material was treated with 
concentrated sulfuric acid at 110° for half an hour, whereby considerable 
charring occurred. The mixture was then poured into water and 
extracted with ether. The ether extract was subjected to a second 
treatment with sulfuric acid, whereby only a slight discoloration took 
place. After two recrystallizations from ether-alcohol the paraffin now 
melted without definite transition points at 59.5-61°. 

Analysis, 10.18 mg. of substance gave 13.29 mg. of H.O and 31.69 
mg. CO.. Found C=84.90% and H=14.61%. Calculated for Co;Hi¢ 
C=85.15% and H=14.86%. 

Isolation of Alcohols.—For the isolation of the alcoholic part of the 
non-saponifiable fraction the sodium salts, mentioned in the preceding 
paragraph, were refluxed with a mixture of 20 cc. of ethyl alcohol and 
10 cc. of 5N sulfuric acid for six hours (Butenandt and Westphal, 1936). 
After cooling, the alcohols were extracted with ether. The ether extract 
was washed with water, sodium bicarbonate solution, and again with 
water. After drying over anhydrous potassium carbonate the ether was 
evaporated. The residue showed a melting point of 70-100°. It was 
recrystallized several times from acetone, whereby a material was 
obtained which melted from 79-80°. 

Analysis. 10.30 mg. of substance gave 13.21 mg. of H,O and 30.90 
mg. of CO.. Found C=81.82% and H=14.35%. Calculated for 
CogH580, G = 81.86% and H= 14.24%. 

From the acetone mother liquors a mixture of substances was 
obtained which on heating began to soften around 78° and became clear 
at 105-106°. Because of the lack of material no further purification 
was carried out. 


Isolation of Acids.—For the preparation of the acids of cuticulin, 
the alkaline layer of the saponification mixture was concentrated in 
vacuo to remove most of the alcohol and then acidified with dilute 
sulfuric acid. The free organic acids were extracted with ether, and 
ether extract, after washing and drying, was evaporated to dryness. 
185 mg. of a mixture of acids was obtained which after several recrystal- 
lizations from methanol yielded an acid of the melting point 88-90°. 

Analysis. 10.08 mg. of substance gave 11.95 mg. of H.O and 29.23 
mg. of CO.. Found C=79.11% and H=13.27%. Calculated for 
CogH5¢Or, C=79.16% and H= 13.30%. 

Isolation of Chitin.—13.9800 gm. of exuviae were treated with a 7% 
aqueous solution of potassium hydroxide for 30 minutes at 100°. The 
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material was filtered, washed and extracted three times with hot water. 
This procedure was repeated three times. The material was then 
placed into a 2% aqueous solution of potassium permanganate for 16 
hours. After filtration it was treated with a 1% aqueous solution of 
oxalic acid, until it became quite colorless. The chitin was filtered, 
treated shortly with warm 1% hydrochloric acid, was washed with cold 
water, treated twice with boiling water and then washed with alcohol. 
Thereupon it was extracted three times with boiling absolute alcohol, 
filtered, washed and then refluxed with ether. After careful drying in a 
desiccator, the chitin weighed 1.3340 gm., representing a vield of 9.54%. 
This result may be somewhat low, owing to the possible conversion of 
some of the chitin to chitosan by the alkali treatment. 


SUMMARY 


1. It has been shown that the last larval exuviae of the 
silkworm, Bombyx mori, form a very suitable starting material 
for the preparation of cuticulin (ether extractives). 

2. The cuticulin content of the cuticle of a mature silkworm 
ranges from 0.35 to 0.45 mg. 

3. The cuticulin of silkworms shows a close resemblance to 
the cuticular substances of plants. It contains two major 
components; namely, a mixture of paraffins of the probable 
order C2;—C;; and a mixture of the esters of alcohols and acids of 
the probable order Cog—C3po. 

4. The chitin content of the exuviae of Pombyx mori was 
found to be about 10%. 
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CHECK-LIST OF ODONATA OF OCEANIA 


ERICH SCHMIDT, 


Hindenburg Strasse 13, 
Bonn (Rhine), Germany 


In the following paper I have compiled specific and sub- 
specific names of Odonata of Oceania known to me from 
literature. It is evident that such a compilation can not give 
a statement satisfying in all details; it seems to me, however, 
that critical remarks are more fitting from field collectors than 
from any student of literature far from material and collecting 
places. 


Students of animals from Oceania have stated that the 
fauna of the Hawaiian Islands is the best known of all Oceanic 
Islands, thanks especially to R. C. L. Perkins, whose work 
resulted in the voluminous “‘Fauna Hawaiiensis.’’ Certainly 
this will be also the case in Odonata, no other Oceanic Island 
group having a greater number of forms. According to 
Holdhaus (1927-28) the fauna of the Hawaiian Islands forms 
a special geographical region. 

The Galapagos Islands in the neighbourhood of South Amer- 
ica belong with their fauna to the Neotropical Region. All 
other Islands mentioned in this paper are Australian. The 
Kermadec Odonata ‘‘have a strong Australian element (three 
species out of five), a New Zealand element (one species), and 
an oceanic element (one species)” (Tillyard 1912, p. 127). From 
Norfolk and Lord Howe Island two species of Odonata are 
known, both occurring in Australia, one of them also in New 
Zealand. We divide here the Australian Region into three sub- 
regions, the three above named Islands belonging to the 
Australian subregion, all others to the (southern) Melanesian 
and the (northern) Micronesian (Polynesian) subregion. 


In the following list the genera are arranged systematically. 
The nomenclature is the ‘‘classical’’ of Selys and Ris. Syn- 
onyms of Oceanic species are included (in italics). Quotations 
of literature are mostly abbreviated in the text, but a bib- 
liography with more complete references is at the end of this 
paper. Localities (in brackets) are given usually as in original 
writings. Forms that are endemic to Oceania are marked with 
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an asterisk (*); in non-endemic forms, the faunal group is 
indicated in abbreviation after the following key: 


A—Australian Nt—Neotropical 
AM—Austromalayan P—Papuan 
C—Circumtropical T—Tropics of the old World 


Na—Nearctic 


Quotations with localities or doubtful identifications are 
marked with a ?. Two species (Ischnura spinicauda and Mega- 
lagrion melanoproctum) are known only from the general locality 
Polynesia. Localities of double meaning may give some doubts 
for consideration. There exist two ‘‘Banks Islands,”’ one in the 
Torres-Strait, the other within the New Hebrides; the ‘‘Sand- 
wich Islands’ seem to be a former name for the Hawaiian 
Islands (cf. McLachlan 1874), but is used also for an island 
within the New Hebrides. In this connection it should not be 
overlooked that Selys in his Philippine paper (Ann. Soc. Espan. 
Hist. Nat. 11, 1882, p. 5-34) mentions the Island Palawan 
which, in the arrangement of localities following the specific 
name, becomes ‘‘Palan,’’ as a misprint (Diplax trivialis, A grion- 
optera insignis); in Ris 1909, p. 135, 468, this word is changed 
erroneously into ‘‘ Palau.” 

For assistance received during the course of the work, the 
writer is indebted to Mr. E. P. Mumford, Director of the Pacific 
Entomological Survey, and Miss C. Vincent, Secretary to the 
same. For the citation to Anax guttatus Birm. and Pan- 
tala flavescens F. from the Gilbert Islands, he has to thank Dr. 
Peter H. Buck, Director of the Bernice P. Bishop Museum, 
Honolulu, Hawaii. 


ZYGOPTERA 


Calopterygidae 


LIBELLAGINAE 


1. Rhinocypha semitincta Selys (P). 
Ris 1900, p. 193 (Bismarck-Archipel). 


Lestidae 
2. Lestes Cheesmanae Kimmins (*). 
Austrolestes cheesmanae Kimmins 1936, p. 69 f. (New Hebrides). 
3. Lestes praemorsus Selys (AM). 
Lestes praemorsa Ris 1900, p. 201 (Bismarck-Archipel). 


4. Lestes vitiensis Tillyard (*). 
Austrolestes vitiensis Tillyard 1924, p. 307, 309f. (Fiji). 
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Agrionidae 


MEGA PODAGRIONINAE 


Argiolestes aurantiacus Ris (*). 

Argiolestes aurantiaca Ris 1898, p. 324f. (Bismarck-Archipel). 

1900, p. 193f. (Bismarck-Archipel). 

Argiolestes aurantiacus Campion 1919, p. 249 (New Britain). 
Argiolestes ochraceus Montrouzier (*). 

Sympecma ochracea Montrouzier 1865, p. 247 (Nouvelle-Calédonie). 

Sympycna ochracea Kirby 1890, p. 164 (New Caledonia). 

Argiolestes Rouxt Ris 1915, p. 60f. (Neu Kaledonien). 

Argiolestes ochraceus Campion 1921, p. 35 (New Caledonia). 

Argiolestes Sarasini Ris 1915, p. 58-60 (Neu Kaledonien) (*). 
Campion 1921, p. 35 (New Caledonia). 

Caledopteryx sarasini Kennedy 1924, Bull. Mus. Comp. Zool. 67, p. 295. 
Argiolestes uniseries Ris 1915, p. 62f. (Neu Kaledonien) (*). 
Trineuragrion percostale Ris 1915, p. 63f. (Neu Kaledonien) (*). 

Kimmins 1936, p. 70 (Banks Is., New Hebrides). 
Megapodagrioninae genus ? species ? (nymph) Tillyard 1924, p. 342 (Fiji). 


PLATYCNEMINAE 


Idiocnemis inornata Selys (P.). 
Campion 1919, p. 246-248 (New Britain). 


PROTONEURINAE 
Notoneura salomonis Selys (P.). 
Caconeura salomonis Selys 1886, p. 188f. (Iles Salomon). 
Kirby 1890, p. 135 (Solomon Isl.). 
Ris 1900, p. 195f. (Bismarck-Archipel). 
Notoneura exul Selys (P.). 
Caconeura exul Ris 1900, p. 194 (Bismarck-Archipel). 
Isosticta filiformis Ris 1898, p. 325f. (Bismarck Archipel) (*). 
1900, p. 196 (Bismarck-Archipel). 
Isosticta robustior Ris 1915, p. 66f. (Neu Kaledonien, Loyalty Inseln). (*). 
Campion 1921, p. 42-44 (New Caledonia). 
Isosticta spinipes Selys 1885, p. CXIV (Nouvelle-Calédonie) (*). 
1886, p. 193f. (Nouvelle-Calédonie). 
Kirby 1890 c, p. 185 (New Caledonia). 
Ris 1915, p. 65 (Neu Kaledonien, Loyalty Inseln). 
Campion 1921, p. 41f. (New Caledonia). 
Isosticta Tillyardi Campion 1921, p. 38-41 (New Caledonia) (*). 


AGRIONINAE 
Ischnura albistigma Fraser 1927, p. 27 (Samoa) (*). 


Ischnura aurora Brauer 1865, p. 510f. (Taiti) (AM). 
1866, p. 56f. (Taiti). 
Kirby 1890, p. 143 (Tahiti). 
Tillyard 1912, p. 127 (Kermadec). 
Ris 1915, p. 67 (Neu Kaledonien). 
Tillyard 1917, p. 531f. (Norfolk). 
1924, p. 339 (Fiji). 
Fraser 1925, p. 434f. (Samoa). 
Tillyard 1926, p. 77 (Norfolk, Lord Howe, Kermadec). 
Fraser 1927, p. 43 (Samoa, Ellice). 
Buxton 1927, p. 43 (India—Central Pacific). 
Cheesman 1927, p. 153 (Tahiti, Raiatea, Bora Bora, Marquesas, 
Tuamotus, etc.) 
Needham 1932, d, p. 23 (Tahiti, Society). 
Ischnura delicata Selys 1876, p. 281 (Taiti, Bora Bora). 
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Ischnura Buxtoni Fraser 1927, p. 23-25 (Samoa) (*). 
Ischnura cardinalis Kimmins 1929, p. 224f. (Society) (*). 
Ischnura chromostigma Fraser 1927, p. 28f. (Samoa) (*). 
Ischnura haemastigma Fraser 1927, p. 26 (Samoa) (*). 
Ischnura heterosticta Burm. (A). 
Selys 1876, p. 271f. (Nouvelle-Calédonie). 
Kirby 1890, p. 141 (New Caledonia). 
Martin 1901, p. 246 (Nouvelle-Calédonie). 
Ris 1915, p. 70 (ex auct.). 
Campion 1921, p. 44 (New Caledonia). 
Tillyard 1924, p. 339 (Viti Levu). 
Ischnura spinicauda Brauer 1865, p. 511 (Polynesia) (*). 
1866, p. 57f. (Polynesia). 
Selys 1876, p. 990 (Polynésie). 
Kirby 1890, p. 143 (Polynesia). 
Ischnura taitensis Selys 1876, p. 279f. (Taiti) (*). 


Ischnura torresiana Tillyard (A). 
Kimmins 1936, p. 71 (New Hebrides). 
Pacificagrion lachrymosa Fraser 1926, p. 505-507 (Samoa) (*). 
1927, 33f. (Samoa, 9). 
Buxton 1927, p. 43 (Upolu). 
Amorphostigma Armstrongi Fraser 1925, p. 433f. (Samoa) (*). 
1927, p. 29f. (Samoa). 
Buxton 1927, p. 43 (Upolu, widely distributed). 
Amorphostigma auricolor Fraser 1927, p. 30-32 (Samoa) (*). 
Anomalagrion hastatum Say (Nt.). 
Currie 1901, p. 382 (Galapagos). 
Agriocnemis exsudans Selys 1877, p. 148f. (Nouvelle-Calédonie) (*). 
Kirby 1890, p. 158 (New Caledonia). 
Tillyard 1913, p. 461 (New Hebrides). 
Ris 1915, p. 70 (ex auct.). 
Campion 1921, p. 44f. (New Caledonia). 
Tillyard 1924, p. 335-337 (Fiji). 
Fraser 1925, p. 432 (Samoa). 
1927, p. 21 (Samoa, Ellis). 
Kimmins 1936, p. 71 (New Hebrides). 
Agriocnemis femina Brauer (AM). 
Ris 1916, p. 23 (Bismarck-Archipel). 
Agriocnemis materna Ris 1900, p. 200f. (Bismarck-Archipel). 
Agriocnemis interrupta Fraser 1927, p. 22, 43 (Samoa, 1.) (*). 
Agriocnemis vitiensis Tillyard 1924, p. 337f. (Fiji) (*). 
Fraser 1925, p. 432 (Samoa). 
1927, p. 21f. (Samoa). 
Kimmins 1936, p. 71 (New Hebrides). 
Argiocnemis Martini Ris 1900, p. 199f. (Bismarck-Archipel) (*). 
Nesobasis angulicollis Tillyard 1924, p. 322-325 (Fiji) (*). 
Nesobasis aurantiaca Tillyard 1924, p. 330-332 (Fiji) (*). 
Nesobasis brachycera Tillyard 1924, p. 332f. (Fiji) (*). 
Nesobasis Campioni Tillyard 1924, p. 329f. (Fiji) (*). 
Nesobasis comosa Tillyard 1924, p. 321f. (Fiji) (*). 
Nesobasis corniculata Tillyard 1924, p. 319f. (Fiji) (*). 
Nesobasis erythrops Selys 1891, p. LIII (Iles Viti) (*). 
Tillyard 1924, p. 317 (Fiji). 
Nesobasis flavilabris Selys 1891, p. LV (Iles Viti) (*). 
Tillyard 1924, p. 318f (Fiji). 
Nesobasis heteroneura Tillyard 1924, p. 333-335 (Fiji) (*). 
Nesobasis longistyla Selys 1891, p. LVII (Iles Viti) (*). 
Tillyard 1924, p. 318 (Fiji). 
Nesobasis malekulana Kimmins 1936, p. 72f. (New Hebrides) (*). 
Nesobasis nigrostigma Selys 1891, p. LVIf. (Iles Viti) (*). 
Tillyard 1924, p. 322 (Fiji). 
Nesobasis Selysi Tillyard 1924, p. 327-329 (Fiji) (*). 
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Nesobasis Simmondsi Tillyard 1924, p. 320f. (Fiji) (*). 
Nesobasis subhumeralis Tillyard 1924, p. 325f. (Fiji) (*). 
Nesobasis telegastrum Selys 1891, p. LIVE. (Iles Viti) (*). 
Tillyard 1924, p. 317 (ex auct.). 
Pseudagrion demorsum Needham 1933 c, p. 71f. (Marquesas) (*). 
Pseudagrion microcephalum Ramb. (AM). 
Ris 1900, p. 198 (Bismarck-Archipel). 
Kimmins 1936, p. 72 (New Hebrides). 
Pseudagrion pacificum Tillyard 1924, p. 311-313 (Fiji) (*). 
Pseudagrion samoense Fraser (*). 


Pseudagrion samoensis Fraser 1925, p. 480-432 (Samoa). | 
1927, p. 21 (Samoa). i 


— 


Pseudagrion ustum Selys (P). 
Ris 1900, p. 198 (Bismarck-Archipel). 
Agrion interruptum Needham (nec Charpentier) (*). 
Coenagrion tnterruptum Needham 1932 c, p. 111f. (Marquesas). 
Megalagrion adytum Perkins (*). 
Agrion adytum Perkins 1899, p. 69 (Kauai, Hawaii). 
Agrion adytum var. Tillyardi Perkins 1910, p. 695f. (Kauai). 
Megalagrion adytum Kennedy 1929, p. 980. 
Megalagrion amaurodytum amaurodytum Perkins (*). 
Agrion amaurodytum Perkins 1899, p. 66-68 (Molokai, Maui, Oahu). 
1912, p. 180. 
Alfken 1904, p..568 (Molokai). 
Agrion koelense Perkins 1899, Pl. V, fig. 7, 7a. 
Megalagrion amaurodytum Kennedy 1929, p. 980. 
Megalagrion amaurodytum peles Perkins (*). 
Agrion amaurodytum var. peles Perkins 1899, p. 67, 68 (Hawaii). 
Agrion amaurodytum var. (aberr.) fallax Perkins 1899, p. 67f. (Hawaii). 
Megalagrion amaurodytum var. peles Kennedy 1917, p. 12 (Hawaii). 
Megalagrion amaurodytum waianaceum Perkins (*). 
Agrion amaurodytum var. Watanaceum Perkins 1899, p. 67, 68 (Oahu). 
Megalagrion asteliae (Perkins) (*). 
Agrion asteliae Perkins 1899, p. 66 (Oahu, Kilauea). 
Megalagrion asteliae Kennedy 1917, p. 13 (Oahu). 
1921, p. 980. 
Megalagrion Blackburni McLachlan 1883, p. 238f. (Maui) (*). 
1892, p. 178 (Maui, Lanai). 
Kirby 1890, p. 156 (Hawaiian Islands). 
Perkins 1899, p. 76 (Maui, Lanai, Molokai, Hawaii). 
Kennedy 1917, p. 13 (Halealau). 
1929, p. 980. 
Megalagrion calliphya calliphya McL. (*). 
Agrion calliphya McLachlan 1883, p. 236 (Lanai). 
Perkins 1899, p. 71 (Molokai, Maui, Lanai). 
Coenagrion calliphya Kirby 1890, p. 151 (Hawaiian Islands). 
Megalagrion calliphya Kennedy 1917, p. 12 (Maui). 
1929, p. 980. 
Megalagrion calliphya microdemas Perkins (*). 
Agrion calliphya var. microdemas Perkins 1899, p. 71 (Hawaii). 
Megalagrion calliphya var. microdemas Kennedy 1917, p. 12 (Hawaii). 
Megalagrion microdemas Kennedy 1929, p. 980. 
Megalagrion Calverti Perkins (*). 
Agrion Calverti Perkins 1910, p. 694 (Oahu). 
Megalagrion deceptor McL. (*). 
Agrion deceptor McLachlan 1883, p. 235f. (Oahu). 
Perkins 1899, p. 74f. (All the Islands from Oahu to Hawaii 
inclusive.) 
Coenagrion deceptor Kirby 1890, p. 151 (Hawaiian Islands). 
Megalagrion deceptor Kennedy 1917, p. 13 (Oahu). 
1929, p. 980. 
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68. Megalagrion dinesiotes Kenn. (*). 
Kilauagrion dinesiotes Kennedy 1934 a, p. 343-345 (Hawaii).! 
69. Megalagrion eudytum Perkins (*). 
Agrion eudytum Perkins 1899, p. 68 (Kauai). 
Megalagrion eudytum Kennedy 1917, p. 12 (Kauai). 
1929, p. 980. 
70. Megalagrion hawaiense McL. (*). 
Agrion hawatense McLachlan 1883, p. 232-234 (Oahu). 
Perkins 1899, p. 64 (ex McL.). 
Coenagrion (?) hawatense Kirby 1890, p. 151 (Hawaiian Islands). 
Megalagrion hawaiense Kennedy 1917, p. 13 (Oahu). 
1929, p. 980. 
71. Megalagrion heterogamias Perkins (*). 
Agrion heterogamias Perkins 1899, p. 77 (Kauai). 
Alfken 1904, p. 568 (Molokai). 
Megalagrion heterogamias Kennedy 1917, p. 13 (Kauai). 
1929, p. 980. 
72. Megalagrion jugorum Perkins (*). 
Agrion jugorum Perkins 1899, p. 72f. (Lanai, Maui). 
Megalagrion jugorum Kennedy 1929, p. 980. 
73. Megalagrion kauaiense Perkins (*). 
Agrion kauaiense Perkins 1899, p. 75f. (Kauai). 
Megalagrion kauaiense Kennedy 1929, p. 980. 
74. Megalagrion koelense Blackburn (*). 
Agrion ? koelense Blackburn 1884, p. 417 (Lanai, Maui). 
Agrion koelense Perkins 1899, p. 65 (Lanai, Maui). 
Coenagrion koelense Kirby 1890, p. 151 (Hawaiian Islands). 
Megalagrion koelense Kennedy 1917, p. 13 (Honolulu Mts.). 
1929, p. 980. 
75. Megalagrion leptodemas Perkins (*). 
Agrion leptodemas Perkins 1899, p. 70f. (Oahu). 
Megalagrion leptodemas Kennedy 1917, p. 12 (Oahu). 
1929, p. 980. 


76. Megalagrion melanoproctum Selvs (*). 
Agrion ? melanoproctum Selys 1876, p. 1287 (Polynésie). 
Coenagrion ? melanoproctum Kirby 1890, p. 150 (Polynesia). 
77. Megalagrion molokaiense Perkins (*). 
Agrion molokaiense Perkins 1899, p. 73 (Molokai). 
Megalagrion molokaiense Kennedy 1929, p. 980. 
78. Megalagrion nesiotes Perkins (*). 
Agrion nesiotes Perkins 1899, p. 72 (Hawaii). 
Megalagrion nesiotes Kennedy 1917, p. 13 (Hawaii). 
1929, p. 980. 
Kilauagrion nesiotes Kennedy 1920, p. 86. 
79. Megalagrion nigrohamatum nigrohamatum Blackburn (*). 
Agrion ? nigrohamatum Blackburn 1884, p. 415-417 (Maui, Oahu). 
Agrion nigrohamatum Perkins 1899, p. 65 (Maui, Molokai). 
Coenagrion nigrohamatum Kirby 1890, p. 151 (Hawaiian Islands). 
Megalagrion nigrohamatum Kennedy 1917, p. 13 (Maui). 
1929, p. 980. 
80. Megalagrion nigrohamatum nigrolineatum Perkins (*). 
Agrion nigrohamatum var. nigrolineatum Perkins 1899, p. 65 (Oahu, Hawaii). 
Megalagrion nigrohamatum var. nigrolineatum Kennedy 1917, p. 13 (Oahu). 
1929, p. 980. 


1The generic name Kilauagrion was erected by Kennedy in 1920 for Megalagrion 
nestotes Perkins, but in 1929 Kennedy writes again Megalagrion nesiotes. Ris 
(i. 1.) writes, ‘ich kenne die Sandwich-Insel Agrioninen fast garnicht, halte aber die 
Unterteilung fir wenig gut begriindet.’’ The compiler believes also that sub- 
divisions of Megalagrion should not be given before they are actually needed. 
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81. Megalagrion oahuense Blackburn (*). 
Agrion ? oahuense Blackburn 1884, p. 415 (Oahu). 
Agrion oahuense Perkins 1899, p. 74 (Oahu). 
Coenagrion oahuense Kirby 1890, p. 151 (Hawaiian Islands). } 
Megalagrion oahuense Kennedy 1917, p. 13 (Oahu). 
1929, p. 980. 
Oahuagrion oahuense Kennedy 1920, p. 86. 
82. Megalagrion oceanicum McLachlan 1883, p. 239f. (Oahu) (*). 
Kirby 1890, p. 156 (Hawaiian Islands). 
Kennedy 1917, p. 13 (Oahu). 
1929, p. 980. 
Agrion oceanicum Perkins 1899, p. 76 (Oahu). 
83. Megalagrion oresitrophum Perkins (*). 
Agrion oresitrophum Perkins 1899, p. 69f. (Kauai). 
Megalagrion oresitrophum Kennedy 1929, p. 980. 
84. Megalagrion orobates Perkins (*). 
Agrion orobates Perkins 1899, p. 70 (Kauai). 
Megalagrion orobates Kennedy 1929, p. 980. 
85. Megalagrion pacificum McL. (*). 
Agrion ? pacificum McLachlan 1883, p. 234f. (Lanai, Oahu). 
Blackburn 1884, p. 417 (Maui, Lanai, not Oahu). 
Agrion pacificum Perkins 1899, p. 64 (all the islands). 
Coenagrion pacificum Kirby 1890, p. 151 (Hawaiian Islands). 
Megalagrion pacificum Kennedy 1917, p. 12 (Oahu). 
1929, p. 980. 
86. Megalagrion satelles Blackburn (*). 
Agrion ? satelles Blackburn 1884, p. 414 (Maui). 
Agrion satelles Perkins 1899, p. 74: ‘‘I cannot identify this species with any 
known to me.” 
Coenagrion ? satelles Kirby 1890, p. 151 (Hawaiian Islands). 
87. Megalagrion vagabundum Perkins (*). 
Agrion vagabundum Perkins 1899, p. 75 (Kauai). 
Megalagrion vagabundum Kennedy 1917, p. 13 (Kauai). 
1929, p. 980. 
88. Megalagrion Williamsoni Perkins (*). 
Agrion Williamsoni Perkins 1910, p. 696 (Kauai). 
Megalagrion Williamsoni Kennedy 1929, p. 980. 
89. Megalagrion xanthomelas Selys (*). 
Agrion ? xanthomelas Selys 1876, p. 1284f. (Iles Sandwich). 
McLachlan 1883, p. 232 (Maui). 
Agrion xanthomelas Perkins 1899, p. 64 (Oahu, Maui, Hawaii). 
Coenagrion ? xanthomelas Kirby 1890, p. 150 (Sandwich I.). 
Megalagrion xanthomelas Kennedy 1917, p. 12 (Oahu). 
1920, p. 86. 
1929, p. 980. 


90. Megalagrion sp. n. Kennedy 1929, p. 980 (Maui) (*).? 


91. Xiphiagrion cyanomelas Karschi Ris (*). 
Xiphiagrion Karschi Ris 1898, p. 326f. (Bismarck-Archipel.). 
1900, p. 197 (Bismarck-Archipel.). 
Xiphiagrion.cyanomelas ? subsp. Karscht Ris 1913, p. 519 (Bismarck- 
Archipel.). 
Xiphiagrion cyanomelas Lieftinck 1929, Tijdschr. Ent. 72, p. 143-147. 
92. Pericnemis annulata Brauer 1869, p. 10f. (Samoa) (*). 
Kirby 1890, p. 158 (Samoa). 
Fraser 1925, p. 434 (ex auct.). 
1927, p. 23 (doubtful; suppressed entirely by Selys 
1877). 
(Ris i. 1: good description of Brauer, but not recognizable, certainly no 
Pericnemis sensu Selysi.) 


2This was described, 1934, as dinesiotes, according to a letter from Kennedy. 
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93. Teinobasis aluensis H. Campion 1924, p. 614 (Salomon Islands) (*). 
94. Teinobasis rufithorax Selys (P). 
Ris 1900, p. 199 (Bismarck-Archipel.). 
—. Agrioninae. Coenagrioninae, genus unknown, Needham 1933 e, p. 168f. 
(nymph; Marquesas). 


ANISOPTERA 


Aeschnidae 


95. Gynacantha apiaensis Fraser 1927, p. 35f. (Samoa) (*). 
96. Gynacantha Mocsaryi Forst. (P). . 
Ris 1900, p. 192f. (Bismarck-Archipel.). 
97. Gynacantha Rosenbergi Brauer (AM). 
Ris 1913, p. 524f. (Neu Britannien). 
Kimmins 1936, p. 74f. (New Hebrides). 
98. Gynacantha Stevensoni Fraser 1927, p. 36f. (Tonga) (*). 


99. Aeschna brevistyla Ramb. (A). 
Tillyard 1912, p. 127 (Kermadec). 
Ris 1915, p. 67 (Neu Kaledonien). 
100. Aeschna galapagoensis Currie 1901, p. 382-385 (Galapagos) (*). 
Martin 1908, p. 50f. (Iles Galapagos). 
1911, p. 12 (I. Chatam, des Galapagos). 
101. Anaciaeschna jaspidea Burm. (AM). 
Aeschna tahitensis Brauer 1865, p. 907 (Tahiti). 
1866, p. 73f. (Tahiti). 
Anaciaeschna jaspidea Kirby 1890, p. 86 (Tahiti). 
Martin 1908, p. 30f. (Taiti). 
1911, p. 10 (Taiti). 
Tillyard 1924, p. 339 (Fiji). 
Cheesman 1927, p. 154 (Tahiti, ex Brauer). 
Fraser 1927, p. 34f. (Samoa). 
Needham 1932 d, p. 21f. (Tahiti). 
Kimmins 1936, p. 74 (New Hebrides). 
102. Anax amazili Burm. (Nt). 
Currie 1901, p. 385 (Galapagos). 
Martin 1908, p. 13f. (Galapagos). 
1911, p. 9 (Galapagos). 
103. Anax gibbosulus Ramb. (AM). 
Fraser 1927, p. 34 (Samoa). 
? Cheesman 1927, p. 153 (New Caledonia).’ 
104. Anax guttatus Burm. (AM). 
Rainbow 1897, p. 99 (Gilbert). 
Kempny 1904, p. 353 (Marschall Inseln). 
Ris 1916, p. 63 (Palau, Viti). 
Needham 1932 d, p. 21 (Tahiti). 
Kimmins 1936, p. 73f. (New Hebrides, Society, Tuamotu). 
Anax gibbosulus Cheesman 1927, p. 153 (Tahiti, Tuamotu). 
Needham 1932 d, p. 21 (Society, ex. Cheesman). 
105. Anax piraticus Kenn. (*). 
? Anax guttatus panybeus Martin 1908, p. 24 (Mariannes). 
1911, p. 9 (Mariannes). 
Anax piraticus Kennedy 1934 b, p. 346-352 (Guam). 


3Miss Cheesman says that Anax gibbosulus is ‘‘recorded from . . . New 
Caledonia . . . ,” but I am not able to find any record for this Island. 
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106. Anax junius Drury (Na, North-east-Asiatic). 
Hagen 1867, p. 34 (Sandwich, Oahu). 
McLachlan 1874, p. 92 (Sandwich). 
1883, p. 231 (Hawaii). } 
Blackburn 1884, p. 413 (Hawaii, all Islands). 
Perkins 1899, p. 62 (all over the Islands). 
Alfken 1904, p. 568 (Oahu). 
Martin 1908, p. 11 (Iles Hawai). 
1911, p. 9 (Iles Hawai). 
Kennedy 1929, p. 981. 
107. Anax Maclachlani Férst. (P). 
Ris 1900, p. 191f. (Bismarck-Archipel.). 
Martin 1908, p. 25f. (Bismarck-Archipel.). 
1911, p. 9 (Bismarck-Archipel.). 
108. Anax papuensis:Burm. (A) (the New Zealand form). 
Hemianax papuensis Tillyard 1912, p. 127 (Kermadec). 
109. Anax strenuus Hagen 1867, p. 34 (Oahu) (*). 
McLachlan 18838, p. 231 (Hawaii). 
Blackburn 1884, p. 413f. (Maui). 
Kirby 1890, p. 84 (Oahu). 
Perkins 1899, p. 62 (Kauai, Maui, Hawaii). 
Martin 1908, p. 12 (Iles Hawai). 
1911, p. 9 (Iles Hawai). 
Kennedy 1934 b, p. 356 (Oahu Hawaii). 


Libellulidae 


CORDULIINAE 


110. Synthemis flexicauda H. Campion 1921, p. 57-61 (New Caledonia) (*). 
111. Synthemis fenella H. Campion 1921, p. 61f. (New Caledonia) (*). 
112. Synthemis macrostigma macrostigma Selys (*). 
Synthemis macrostigma Selys 1871, p. 559 (Océanie, co”; Iles Fidji, 9 ). 
1874, p. 29 (9, Iles Fidji). 
Kirby 1890, p. 56 (Fiji). 
Martin 1906, p. 85 (Fidji). 
1914, p. 27 (Fidji). 
Synthemis macrostigma macrostigma Tillyard 1924, p. 339 (Fiji). 
113. Synthemis miranda Selys 1871, p. 558 (Nouvelle-Calédonie) (*). 
Kirby 1890, p. 56 (New Caledonia). 
Tillyard 1910, p. 312, 350f. (New Caledonia). 
Martin 1906, p. 85 (Nouvelle-Calédonie). 
1914, p. 27 (Nouvelle-Calédonie). 
Ris 1915, p. 70f. (Neu Kaledonien). 
Campion 1921, p. 50-55 (”, N. Caledonia). 
114. Synthemis Montaguei Campion (*). 
Synthemis montaguet Campion 1921, p. 55-57 (New Caledonia). 
—. Synthemis sp. (nymph) Campion 1921, p. 63f. (New Caledonia). 
115. Metaphya elongata Campion 1921, p. 64-66 (New Caledonia) (*). 
116. Procordulia irregularis Martin 1906, p. 16f. (Iles Viti) (*). 
1914, p. 22 (Viti). 
Tillyard 1924, p. 339f. (Fiji).4 
117. Hemicordulia assimilis Hagen (AM). 
Martin 1906, p. 11f. (Iles Salomon, Alu, Rubiana). 
1914, p. 23 (Iles de la Polynésie, notamment 
Alu, Salomon, Rubiana). 
Needham 1932 c, p. 113f. (nymph; Marquesas, 
Salomon). 


‘The record given by Martin for this last species from ‘‘Celebes”’ is surely an 
error.’’—(Tillyard). 
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118. 


119, 


120. 
121. 
122. 


123. 
124, 


125. 


126. 


127. 


128. 


129. 


Hemicordulia oceanica Selys (*). 
Cordulia oceanica Hagen 1867, p. 62 (Tahiti; nom. nud.). 
Hemicordulia oceanica Selys 1871, p. 251 (Ile de Tahiti). 
Kirby 1890, p. 46 (Tahiti). 
Martin 1906, p. 12 (Taiti, Nouvelle-Calédonie). 
Ris 1913, Nova Guinea 9, Zool. p. 502f. (Tonga; 
? Neu-Britannien). 
Martin 1914, p. 23 (Taiti, Nouvelle-Calédonie). 
Ris 1915, p. 71 (ex auct.). 
1915, Nova Guinea 13, Zool. p. 123 (Neu- 
Pommern; Salomo-Inseln). 
Campion 1921, p. 45 (Tahiti, New Caledonia). 
Fraser 1925, p. 436 (Samoa). 
Buxton 1927, p. 43 (Central Polynesia). 
Cheesman 1927, p. 154 (Tahiti, ex Selys). 
Hemicordulia assimilis oceanica Fraser 1927, p. 37 (Samoa, N. Hebrides). 
Kimmins 1936, p. 75 (New Hebrides). 
(Ris i. 1.: the latter scarcely correct, as assimilis comes from Celebes.) 
Hemicordulia australiae Ramb. (A). 
Tillyard 1912, p. 126f. (Kermadec). 
1917, p. 580-532 (Norfolk Islds.) 
1926, p. 85 (Norfolk, Lord Howe, Kermadec 
Islands). 
Hemicordulia continentalis Martin 1906, p. 13 (Iles Mariannes) (A). 
1914, p. 23 (Mariannes). 
Hemicordulia cupricolor Fraser 1927, p. 37-39 (Samoa) (*). 
Buxton 1927, p. 43 (only Upolu). 
Hemicordulia fidelis McLachlan 1886, p. 104 (Loyalty Islands) (*). 
Kirby 1890, p. 47 (Loyalty Is.). 
Martin 1906, p. 12 (Nouvelle-Calédonie, tles Loyauté). 
1914, p. 23 (Nouvelle-Calédonie, fles Loyauté). 
Ris 1915, p. 67f. (Neu Kaledonien). 
Campion 1921, p. 46f. (New Caledonia). 
Kimmins 1936, p. 75 (New Hebrides). 
Hemicordulia Mumfordi Needham 1933 e, p. 167f. (Marquesas) (*). 


Hemicordulia pacifica Fraser 1925, p. 435f. (Samoa) (*). 
1927, p. 37 (Samoa, Tonga). 

Hemicordulia tau Selys 1871, p. 256f. (fles Fidji) (A). 

Kirby 1890, p. 47 (Fiji). 

Martin 1906, p. 15 (iles Fiji). 

1914, p. 23 (Fiji). 
Tillyard 1924, p. 340 (ex. Selys). 
? Fraser 1927, p. 39 (Tau Island, Manua-group). 


LIBELLULINAE 


Hypothemis Hageni Karsch 1889, p. 261 (Fidji) (*). 
Kirby 1890, p. 46 (Fiji). 
Ris 1909, p. 22f. (Viti). 
Tillyard 1924, p. 340. 
Nannophlebia Lorquini imitans Ris (*). 
Nannophlebia imitans Ris 1900, p. 189, 191 (Bismarck-Archipel.). 
Nannophlebia Lorquini imitans Ris 1909, p. 59, 60 (Bismarck-Archipel.). 
Diplacina fulgens Ris 1898, p. 323f. (Bismarck-Archipel.) (*). 
1900, p. 188f. (Bismarck-Archipel.). 
1909, p. 1058 (Neu Pommern). 
Diplacina smaragdina fulgens Ris 1909, p. 95, 96 (Bismarck-Archipel.). 
Nesoxeniamysis Dahli Ris (*). 
Nesoxenia Dahli Ris 1898, p. 322f. (Bismarck-Archipel.). 
1900, p. 180-182 (Bismarck-Archipel.). 
Nesoxenia mysis Dahli Ris 1909, p. 122f., 125 (Neu Pommern). 
Campion 1919, p. 249 (New Britain). 
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138. 


139. 
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Nesoxenia mysis cingulata Kirby (*). 
Nesoxenia cingulata Kirby 1889, p. 336 (Alu). 
1890, p. 30 (Alu). 
Nesoxenia mysis cingulata Ris 1909, p. 126 (Alu, Salomons Ins.). } 
Lathrecista asiatica asiatica Fraser (AM). 
Agrionoptera pectoralis Selys 1879, p. 300 (Viti). 
Lathrecista pectoralis Kirby 1890, p. 30 (Fiji). 
Lathrecista asiatica asiatica Ris 1909, p. 1380-132 (Tonga-Pacific, Viti, 
Tongatabu). 
Tillyard 1924, p. 340. 
Fraser 1925, p. 486 (Samoa). 
27, p. 39 (Samoa, Tonga). 
Agrionoptera insignis similis Selys (P). 
Agrionoptera insularis Kirby 1889, p. 336 (Solomon Islds.). 
1890, p. 31 (Solomon Is.). 
Agrionoptera similis Ris 1900, p. 182f. (Bismarck-Archipel.). 
Agrionoptera insignis similis Ris 1909, p. 140f. (Salomonsinseln, Bismarck- 
Archipel.). 
Campion 1919, p. 249 (New Britain). 
Kimmins 1936, p. 75f. (Bismarck-Archipelago, 
Solomon Is., Union Is.). 
Agrtwonoptera similis Salomonis Forster 1898, p. 284 (Shortland-Insel- 
Gruppe). 
Agrionoptera insignis allogenes Tillyard (A). 
Ris 1909, p. 142 (Neu Caledonien); p. 1069 
(Loyalty Inseln). 
1915, p. 68f. (Loyalty Inseln). 
Protorthemis Woodfordi Kirby (*). 
Nesocria Woodfordi Kirby 1889, p. 335 (Alu Island, Solomon Islands). 
Protorthemis Woodfordi Ris 1909, p. 148f. (Alu, Isabell, St. Georg). 
Protorthemis coronata Brauer (P). 
Ris 1900, p. 180 (Bismarck-Archipel.). 
1909, p. 149 (Bismarck-Archipel, Neu-Britannien). 
Orthetrum sabina Drury (AM). 
Libellula sabina Brauer 1867, p. 505 (Ovalau (Viti) ). 
Orthetrum sabinum Ris 1900, p. 184 (Bismarck-Archipel.). 
Orthetrum sabina Martin 1901, p. 224 (Iles du Pacific). 
Ris 1909, p. 224 (Viti, Neu-Brittannien, Ovalau). 
Tillyard 1924, p. 340 (Fiji). 
Fraser 1927, p. 42 (Samoa). 
Kimmins 1936, p. 76 (New Hebrides). 
Orthetrum caledonicum Brauer (A). 
Libellula caledonica Brauer 1865, p. 505 (Nova Caledonia). 
1866, p. 94f. (Nova Caledonia). 
Trithemis caledonicum Kirby 1890, p. 20 (N. Caledon.). 
Orthetrum caledonicum Martin 1901, p. 224 (Nouvelle Calédonie). 
Ris 1909, p. 226 (Nouvelle Calédonie); p. 1090 (Neu 
Caledonien, Loyalty Inseln). 
1915, p. 69 (Neu Caledonien, Loyalty Inseln). 
Campion 1921, p. 66 (New Caledonia). 
Orthetrum villosovittatum Bismarckianum Ris (*). 
Orthetrum Bismarckianum Ris 1898, p. 321f. (Bismarck-Archipel.). 
1900, p. 184-188 (Bismarck-Archipel.). 
Orthetrum villosovittatum Martin 1901, p. 224 (certaines fles du Pacific). 
Orthetrum villosovittatum Bismarckianum Ris 1909, p. 239 (Bismarck- 
Archipel, Salomons-Inseln). 
Campion 1919, p. 249 (New Britain). 


Diplacodes trivialis Ramb. (AM). 
Ris 1900, p. 188 (Bismarck-Archipel.). 
1909, p. 468-470 (Ostgrenze: Viti Levu). 
Needham 1982, d, p. 22 (Tahiti). 
Kimmins 1936, p. 76f. (New Hebrides). 
Diplacodes remota Ris 1909, p. 470f. (Iles Salomon); p. 1153. 
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140. Diplacodes bipunctata Brauer (A). 
Libellula (Diplax) bipunctata Brauer 1865, p. 503f. (Taiti, Nova Caledonia). 
1866, p. 86-88 (Taiti, Nova Caledonia). 
Diplax bipunctata Brauer 1866, p. 104 (Neu-Caledonien, Taiti). 
1868b, p. 721 (Taiti, Neucaledonien). 
Martin 1901, p. 393 (iles du Pacific). 
Kempny 1904, p . 352 (Marschall-Inseln). 
Diplax pacificus Kirby 1884, p. 455 (Tongatabu). 
Trithemis pacifica Kirby 1890, p. 18 (Tongatabu). 
Trithemis bipunctata Kirby 1890, p. 18 (Pacific Isls.). 
Diplacodes bipunctata Ris 1909, p. 471f. (Nouvelle Calédonie, Viti, Taiti, 
Palau, New Britain, Carolinen, Rarotonge, 
Marquesas, Christmas Island (?) Navigators 
Islds., Sandwich Islands,® Ellice Island). 
1915, p. 71 (ex auct.). 
Tillyard 1924, p. 341 (Fiji). 
Campion 1921, p. 66 (New Caledonia). 
Fraser 1925, p. 436 (Samoa). 
1927, p. 40 (Ellice, Tonga; distributed Pacific 
Islands). 
Cheesman 1927, p. 153 (Tuamotus, Tahiti, Bora Bora). 
Needham 1932 d, p. 21 (Society, ex Cheesman). 
Kimmins 1936, p. 77 (New Hebrides). 
141. Diplacodes haematodes Burm. (A). 
Trithemis rubra Kirby 1889, p. 328 (New Hebrides). 
Diplacodes haematodes Ris 1909, p. 474 (N. Calédonie). 
1915, p. 69 (Neu Kaledonien). 
Campion 1921, p. 66 (New Caledonia). 
Kimmins 1936, p. 76 (New Caledonia, New Hebrides). 
142. Neurothemis terminata Ris (AM). 
Neurothemis fluctuans Race apicalis Selys 1879, p. 294f. (Iles Pelew). 
Neurothemis apicalis Krager 1903, p. 283 (Pelew Inseln nach Selys). 
Neurothemis terminata Ris 1909, p. 569f., 572 (Palau). 
143. Neurothemis stigmatizans bramina Guérin (P). 
Neurothemis oculata Ris 1900, p. 178-180 (Bismarck-Archipel.). 
Neurothemis stigmatizans bramina Ris 1909, p. 575f. (Bismarck-Archipel, 
Neu-Pommern, Shortland Insel, Salo- 
mons-Archipel); p. 1169 (Salomons 
Inseln).® 
Campion 1919, p. 249 (New Britain). 
Kimmins 1936, p. 77 (New Hebrides, 
Union Island). 
—. (Deielia phaon Selys. 
Deielia fasciata Kirby 1889, p. 330f. 
1890, p. 23. 
The type is supposed to have come from Sandwich Islands; according to 
Ris 1909, p. 589, apparently erroneously labelled.) 
144, Nesogonia Blackburni McL. (*). 
Lepthemis Blackburnit McLachlan 1883, p. 229 (Hawaii). 
Sympetrum Blackburni Karsch 1890, p. 373 (Hawai). 
McLachlan 1892, p. 177 (discussion). 
Perkins 1899, p. 62 (all the islands (of Hawaii) ). 
Orthetrum Blackburni Kirby 1890, p. 36 (Hawaiian Islands). 
Nesogonia Blackburni Kirby 1898, p. 347 (Hawaiian Islands). 
Ris 1909, p. 615 (Hawaii, Molokai, Maui). 
Kennedy 1929, p. 979. 


5We believe that the Sandwich Islands in the New Hebrides and not in the 
Hawaiian Islands, was meant, as no other records of the species exist from the latter. 


‘Ris 1909, p. 573, line 4 from above, quotes “Salomonsinseln”’ as locality for 
Neurothemis stigmatizans manadensts sub Forster 1898, p. 275, and Forster 1. c. 
records 1 from ‘‘Shortlandsinseln (Salomonsinseln).” We do not believe that two 
geographical subspecies occur on the same Island, and this is confirmed by the 
note of Ris (1. c., p. 573f.) to the effect that localities quoted in the earlier literature 
are not authoritative. 
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145. Brachymesia Batesi Kirby (Nt). 
Cannacria fumipennis Currie 1901, p. 387-389 (Galapagos). 
Cannacria Batesi Calvert 1907, p. 326 (Galapagos). 
Brachymesia Batesi Ris 1909, p. 736 (ex auct.). 


—. (Trithemis festiva Ramb. 
Ris 1909, p. 799; 29, labelled Sandwich Islands, Beechey, but probably 
came from the Loo-Choo Islands; compare Detelia phaon.) 
146. Tholymis tillarga F. (T). 
Pantala tillarga Brauer 1864, p. 162 (Taiti). 
Zyxomma tillarga Brauer 1866, p. 104 (Taiti). 
1867, p. 288, 505 (Samoa). 
Tholymis tillarga Ris 1909, p. 913 (Gilbert Islands, Marquesas, Upolu, 
Hammond Island, Salom. Islds.). 
Fraser 1925, p. 437 (Samoa). 
1927, p. 41 (Samoa, Tonga). 
Cheesman 1927, p. 153 (Tahiti). 
Needham 1932 d, p. 21 (Society, ex Cheesman). 
147. Pantala flavescens F. (C). 
Libellula flavescens Selys 1857, p. 442 (Taiti). 
Pantala flavescens McLachlan 1874, p. 92 (Sandwich Islands). 
Hagen 1875, p. 64 (Oceanica). 
McLachlan 1883, p. 229 (Hawaii). 
Blackburn 1884, p. 413 (Hawaii, all Islands). 
Kirby, 1884, p. 454 (Tongatabu). 
Rainbow 1897, p. 99 (Gilbert). 
Perkins 1899, p. 62 (all over the Islands of Hawaii). 
Ris 1900, p. 175 (Bismarck-Archipel.). 
Currie 1901, p. 385 (Galapagos). 
Martin 1901, p. 221 (Nouv. Calédonie, Fiji, Tahiti, 
Sandwich, presque toutes les fles de 1’Océanie). 
Alfken 1904, p. 568 (Oahu). 
Kempny 1904, p. 352 (Marschall Inseln). 
Calvert 1907, p. 307, 407 (Galapagos, Islands of the 
Pacific Ocean). 
Ris 1909, p. 919 (Marquesas Islands, Taiti, N. Britannien, 
Viti, Samoa, Rarotonga, Hammond Isldls.) 
1915, p. 69f. (Neu Caledonien). 
Sjéstedt 1924, p. 296 (Easter). 
Tillyard 1924, p. 341 (Fiji). 
Fraser 1925, p. 437 (Samoa). 
1927, p. 41 (Samoa, Tonga). 
Cheesman 1927, p. 153 (Tahiti). 
Kennedy 1929, p. 981 (Hawaii). 
Needham 1932 d, p. 21 (Society, ex Cheesman). 
Kimmins 1936, p. 77 (New Hebrides). 
148. Pantala hymenaea Say (Nt). 
McLachlan 1877, p. 84 (Galapagos). 
Currie 1901, p. 385f. (Galapagos). 
149. Rhyothemis graphiptera Ramb. (A). 
Martin 1901, p. 221 (Nouvelle-Calédonie). 
Ris 1909, p. 934 (Nile. Calédonie). 
Campion 1921, p. 34 (New Caledonia). 
150. Rhyothemis phyllis aequalis Kimmins 1936, p. 78-80 (New Hebrides) (*). 
151. Rhyothemis phyllis apicalis Kirby (*). 
Rhyothemis apicalis Kirby 1889, p. 319 (New Hebrides). 
1890, p. 6 (New Hebrides). 
Martin 1901, p. 221 (Nouvelle Calédonie, Nouvelles- 
Hébrides). 
Rhyothemis phyllis apicalis Ris 1909, p. 939, 948 (Neue Hebriden, Neu 
Caledonien). 
1915, p. 71 (ex auct.). 
Kimmins 1936, p. 78 (New Hebrides). 
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152. Rhyothemis phyllis dispar Brauer (*). 
Rhyothemts dispar Brauer 1867, p. 815 (Viti, Vanua Mbalavu). 
Rhyothemis phyllis dispar Ris 1909, p. 939, 945f. (Vanua Mbalavu, Viti). 

Tillyard 1924, p. 341 (Fiji). 
153. Rhyothemis phyllis marginata Ris (*). 
Rhyothemis dispar Ris 1900, p. 177 (Bismarck-Archipel.). 
Rhyothemis phyllis marginata Ris 1909, p. 939, 945 (Salomons Inseln, 
Bismarck-Archipel.). 
154. Rhyothemis phyllis vitellina Brauer (*). 
Rhyothemis vitellina Brauer 1868 a, p. 184f.; 1868 b, p. 715 (Pelew-inseln). 
Kirby 1890, p. 5 (Pelew Is.). 
Rhyothemis phyllis vitellina Ris 1909, p. 938, 941 (Palau-Ins., Guam, 
Marianen). 
155. Rhyothemis regia exul Ris (P). 
| Fraser 1927, p. 40 (Samoa). 

156. Rhyothemis regia chalcoptilon Brauer (A). 

Celithemis chalcoptilon Brauer 1867, p. 25f., 505 (Samoa oder Schifferinseln). 
Rhyothemis chalcoptilon Kirby 1890, p. 6 (Samoa). 
Rhyothemis regia chalcoptilon Ris 1909, p. 952 (Samoa). 

Fraser 1927, p. 40 (Samoa doubtful). 

157. Rhyothemis resplendens Selys (A). 

Ris 1900, p. 176 (Bismarck-Archipel.). 
1909, p. 962 (Bismarck-Archipel.). 
158. Tramea Loewi Brauer (AM). 
Selys 1878, p. 293 (? Nov. Caledonia). 
Martin 1901, p. 221 (ex auct.). 
Ris 1909, p. 976 (Hammond Island). 
159. Tramea limbata Desjardins (T). 
Tramea transmarina Brauer 1866, p. 21f. (Viti-Inseln). 
1867, p. 505 (Viti, Samoa), 
Kirby 1890, p. 3 (Samoa, Fiji). 
Tramea samoensis Brauer 1866, p. 22f. (Samoa oder Schifferinseln). 
1867, p. 505 (Samoa oder Schifferinseln). 
Kirby 1890, p. 3 (Samoa). 
Tramea Rosenbergi Ris 1900, p. 176 (Bismarck-Archipel.). 
Tramea limbata Ris 1909, p. 987 (Nouvelle-Calédonie, Upolu, Ponape, 
Samoa, Viti Levu, Marianes, Guam). 
1915, p. 70 (Neu Caledonien, oder Loyalty Inseln?). 
Tillyard 1924, p. 341 (ex auct.). 
Fraser 1925, p. 487 (Samoa). 
1927, p. 41 (Samoa, Tonga). 
Needham 1982 d, p. 22 (Tahiti). 
Kimmins 1936, p. 80 (New Hebrides). 
160. Tramea cophysa Selys (Nt). 
Tramea Darwini Kirby 1889, p. 315 (Galapagos). 
1890, p. 3 (Galapagos I.). 
Currie 1901, p. 386 (Galapagos). 
Tramea sp. McLachlan 1877, p. 84-86 (Galapagos). 
Tramea cophysa Calvert 1901-08, p. 300f. (Galapagos). 
Tramea cophysa Form b Ris 1909, p. 990 (Galapagos). 
161. Tramea lacerata Hagen (Na). 
McLachlan 1874, p. 92 (Sandwich). 
1883, p. 229 (Hawaii). 
Blackburn 1884, p. 413 (Hawaii, all Islands). 
Kirby 1890, p. 2 (Sandwich Is.). 
Calvert 1893, p. 255 (Sandwich Islands). 
Perkins 1899, p. 62 (all of the (Hawaiian) Islands). 
Calvert 1901-08, p. 301, 305 (Hawaiian Islands). 
Kennedy 1929, p. 981. 
—. Tramea sp. Tillyard 1912, p. 126 (19 juv., Kermadec). 

162. Macrodiplax cora Brauer (AM). 

Ris 1909, p. 1036f. (Samoa). 
Fraser 1925, p. 437 (Samoa). 
1927, p. 41 (Samoa, Tonga). 
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CONCLUSIONS 


1. Up to date 162 forms (species and subspecies) of Odonata 
are known from Oceania (including Hawaii and Galapagos), 109 
of them being endemic to Oceania. The family Gomphidae is 
not represented, the archaic Petaluridae and Cordulegasteridae 
are missing, and the Calopterygidae are scarce (1 species), 
occurring only in the western part. 

2. The percentage of such endemic forms is on the whole 
much greater in Zygoptera (85.9%) than in Anisoptera (44.1%), 
the latter being better flyers than the former. 

3. Six such endemic genera are represented in the Oceanian 
Dragonfly-Fauna; 4 zygopterous and 2 anisopterous genera, 
Megalagrion and Nesogonia occurring in the Hawaiian Islands, 
Trineuragrion in New Caledonia and New Hebrides, Pactficagrion 
and Amorphostigma in Samoa, and Hypothemis known only in 
Fiji. A seventh genus is probably also endemic to Oceania, 
Nesobasis with 15 species from Fiji, one species from the New 
Hebrides; a further species, N. ciliata Ris, is known from 
Bivak Island, Southwest New Guinea, and ‘‘stands well apart 
from the Fijian group of species, and ought perhaps to be 
placed in a distinct genus” (Tillyard 1924, p. 342). Four of 
these genera are monotypic (Trineuragrion, Pacificagrion, Hypo- 
themis and Nesogonia). Amorphostigma has two species, the 
others numerous. 

4. Highest percentages of such forms endemic to Oceania 
(more than 50%) have been found in Hawaii (91.9%), Fiji 
(65.7%), Loyalty (60%), New Caledonia (59.3%) and Samoa 
(57.1%). These are nearly (Loyalty has none, the New 
Hebrides have one) the same islands as contain genera endemic 
to Oceania, and may be regarded as centres of origin. 

5. Lowest percentages of such endemic forms (under 33%) 
have been found in the Kermadec, Norfolk and Lord Howe 
Islands near the Australian coast, the Micronesian Islands, 
Carolines, Marshall, Gilbert, Union, Christmas and Easter 
Islands; all these have no such endemic forms; Bismarck- 
Archipelago (31.0%), Tonga (14.3%), Pelew (25%), Ellice 
(33.3%), Society (27.3%), Galapagos (14.3%) have a few only. 

The endemic form of Pelew and the Marianas is an endemic 
subspecies (Rhyothemis phyllis vitellina) of a widely spread 
species. The only endemic species from Tonga (Gynacantha 
Stevensoni) is described from a single male and stands nearest 
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to the Papuan G. Kirbyi. The only endemic species from 
Galapagos (Aeschna galapagoensis) is described from 1 and 
1 9, the colors of the specimens being obscured; the species 
stands near Ae. cornigera and Ae. californica. The three such 
endemic species of the Society Islands are HT/emicordulia oceanica, 
which is spread over many other Oceanic Islands, and two species 
of Ischnura, one of them probably different from others known. 
Of the 9 such endemic forms from the Bismarck-Archipelago, 
one (Hemicordulia oceanica) is widely spread, four or more 
others are subspecies of Papuan or wide-spread species. 

6. Of the forms non-endemic to Oceania, the 5 neotropical 
forms are in this region restricted to the Galapagos Islands, 
the two nearctic species there occur only in the Hawaiian 
Islands. The circumtropical Pantala flavescens and the Old- 
World-Tropical Tholymis tillarga are found (or will be found in 
future) in most Melanesian and Micronesian Islands. The 
Old-World Tropical Tramea limbata is known from nearly all 
Melanesian Island-groups and some Micronesian Islands. The 
greatest number of Papuan forms (11 out of 12 in all) are to 
be found in the Bismarck-Archipelago; they are missing in 
New Caledonia, which, however, has the highest number (7 out 
of 13 in all) of Australian forms. The Austromalayan forms 
are met with in nearly equal numbers (5-6) in the Bismarck- 
Archipelago, the New Hebrides, Fiji and Samoa. 


7. The total number of forms in the different Islands are 
greater in the Melanesian Islands than in the Micronesian 
Islands. The better explored Society Islands and the Marquesas 
have more than five forms, all others have fewer, or fewer are 
known so far. Of the Melanesian Islands only the Loyalty 
Islands are at present known to have 5 forms, the little known 
Tonga Islands have 7 forms, the others have much more. 


&. Concerning the age and the origin of Oceanic Odonata 
it seems best to follow Tillyard and Kennedy. We may 
suppose a closer relationship between the Chilian Gompho- 
macromia and the Austral-melanesian Synthemis. The latter 
dwell in cold streams in the mountains, and may have come 
from the Antarctic continent, together with the ancestral 
Petaliinae and Petaluridae, both of which occur in Australia 
and Chile. The species of Synthemis will have the greatest 
age of Oceanic forms; their origin may reach into the Upper 
Jurassic. The genus Hypothemis is one of the most primitive 
forms of Libellulinae and belongs to a group with a ‘‘Gond- 
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wanan distribution,’’ but it will not have arisen before the 
Upper Cretaceous. Possibly the Megapodagrioninae have 
nearly the same age. All others will be younger. According 
to Kennedy the Hawaiian genus Megalagrion stands nearest 
to the Old World tropical genus Pseudagrion, and it came from 
the Orient in the early Tertiary. The genus Nesogonia which 
stands nearest to the holarctic genus Sympetrum, and the 
species Anax strenuus, are Pliocene or Pleistocene forms, the 
two others from the Hawaiian Islands are recent. 


9. The three geographical regions within Oceania have 
quite different species. The only species which occurs in all 
these Regions is the circumtropical Pantala flavescens; all other 
species are strictly confined to their Regions. 

The Subregions are not as strictly limited as the Regions. 
Of the 117 forms of the Melanesian and Micronesian Sub- 
regions, 13 forms occur in both subregions, 10 forms only in the 
Micronesian, and 94 are restricted to the Melanesian (and 
Australian) Subregion. 
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THE RELATION OF NUTRITIONAL LEVELS TO THE 
GROWTH OF POPULATIONS OF TRIBOLIUM 
CONFUSUM DUVAL 


I. GROWTH OF LARVAL, PUPAL, AND ADULT POPULATIONS IN 
CORNMEAL AND IN CORNMEAL SUPPLEMENTED WITH YEAST 


RALPH JUDSON BUSHNELL 


Department of Zoology, University of Georgia 
Athens, Georgia 


The flour beetle, Tribolium confusum, has been extensively 
used in studies on population growth. Chapman (1928) 
studied the population growth of this insect in different sized 
environments of whole wheat flour and found that after a 
period. of about 110 days all the populations reached an 
equilibrium which he considered to be the result of the relation- 
ship between the capacity of the species to reproduce and the 
resistance of the environment. 

The effects on population growth of Tribolium of such 
factors as temperature, humidity, initial population, and the 
conditioning of the flour by the beetles living in it have all been 
summarized by Park (1934). He also reviews other observa- 
tions on the general biology of the flour beetle. 

While making a series of routine cultures of Tribolium the 
author noted that populations grew faster and reached a higher 
level when dried brewer’s yeast was added to a culture medium 
of yellow corn-meal than in the culture medium of yellow 
corn-meal without the added yeast. 

Since Chapman (1924) and Sweetman and Palmer (1928) 
had shown that different nutritional levels greatly affect the 
rate of larval development, it seemed advisable to attempt an 
analysis of such levels on the growth of populations of Tribolium. 
The culture media of yellow corn-meal alone and yellow corn- 
meal supplemented with yeast were selected, as Sweetman 
and Palmer (1928) had shown that yellow corn-flour was 
especially low in factors favoring larval development and that 
yeast was a good source of these factors. Thus yellow corn- 
meal alone and corn-meal supplemented with yeast seemed 
to offer two culture media with widely different nutritional 
levels by which to test the effects of such factors on the popula- 
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tion growth of Tribolium. The literature on the nutritional 
requirements of insects is reviewed by Sweetman and Palmer 
(1928) and by Uvarov (1928). 


METHODS 


In the series of experiments presented here, six cultures were set up, 
three containing 12 grams each of Quaker Brand corn-meal (yellow 
granulated) and three containing 10 grams of this corn-meal plus 2 
grams of dried brewer’s yeast (No. 1 Red Label). The culture media 
were autoclaved before being seeded with adult flour beetles. Each 
culture was seeded with two male and two female flour beetles, the sex 
of which had been determined while they were in the pupal stage. The 
cultures were incubated at approximately 27° C. and 75% relative 
humidity. 

On the fourteenth day counts were made of the larval populations 
and at later dates pupae and new adults were also counted as they 
began to appear. These counts were made by examining the cultures 
under a binocular dissecting microscope. No attempt was made to 
count the eggs as it was too difficult to distinguish them from the meal. 
Larvae were recorded in three groups, i. e., small, medium and mature. 
The small group included those in the first and second stages of larval 
development, the medium group included those in the third and fourth 
instars, and the mature those of the last two instars. There were 
undoubtedly some errors made in the classification of the larvae on this 
basis, but it is believed that the percentage of error is not large. After 
practice, classification of the larvae as to stage of development could be 
fairly accurately determined by the size of the individuals. After 
counting, the whole was returned to the culture jar and incubated 
another seven or eight days when the cultures were again examined and 
counts made. This process was continued through the seventy-fourth 
day of the experiment. 


RESULTS 


As shown in Table I and Fig. 1, at the end of fourteen days the 
number of small larvae was consistently higher for the populations 
reared in the yeast-containing media than for those reared in corn-meal 
alone. This higher level of small larvae was maintained in the yeast 
series throughout the period of observation as is shown in Figure 1. 
The greater number of larvae per gram of culture medium in the exper- 
imental series might be taken to indicate an enhanced egg-production on 
the part of the female flour beetles living in yeast-containing media. 
The rise in number of larvae observed on the seventy-fourth day in both 
the experimental and control series indicates that the newly emerged 
adult females have already begun to lay eggs, and that the population 
of large larvae has declined. Although the adult offspring appeared ear- 
lier in the experimental series, the first stage larval populations did not 
increase any earlier than in the control series. This is probably in some 
way tied up with the much larger predatory population in the exper- 
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imental series as compared with the control series, the predatory 
population including larvae and adults which were devouring the eggs. 

Larvae of the last two instars (mature larvae in Fig. 1) were first 
observed in both the control and the experimental series in the counts 
made on the twenty-ninth day of the experiment. As in the case of the 
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Fic. 1. Growth of larval, pupal, and adult populations of Tribolium confusum 
in corn-meal and in corn-meal supplemented with yeast, based on the average 
of three populations in each series. 


young larvae, the number of larvae in the last two instars of develop- 
ment runs consistently higher for the yeast-containing media up until 
the sixty-fifth day of the experiment. At this point the curve for 
mature larvae in the experimental series crosses that of control series. 
The control series then maintains a higher proportion of mature larvae 
until the termination of the experiment on the seventy-fourth day. 
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TABLE I 
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LARVAL, PupaL, AND ADULT PopuLaATIONS OF Tribolium confusum IN 10 GRAMS OF 
YELLOW Corn MEAL Pius 2 GRAMS OF YEAST (EXPERIMENTAL) AS COMPARED 
WitH PopuLaTIONS IN 12 GRAMS OF YELLOW CORN MEAL (CONTROL). 
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| 
14 21 29 37 | 45 52 65 74 Totals 
= | — — a 
TotraL LARVAE 
Experiment I..| 24 75 | 160 | 137 138 | 160 90 87 871 
. II..| 16 58 | 212 181 239 165 124 79 1074 
. III..} 12 48 167 168 | 209 157 98 88 947 
Control 1...... 9 37 72 66 126 131 64 61 566 
e | 1 12 108 103 193 176 132 109 834 
- BEL. sui 2 20 77 77 182 165 131 101 755 
FIRST AND SECOND STAGE LARVAE ; 
Experiment I..| 24 51 80 37 28 16 26 51 313 
= i..: 2 42 83 43 47 21 9 16 277 
- III..| 12 36 70 35 17 15 11 37 233 
Control I...... 9 28 48 30 16 13 2 16 162 
. i ou 1 12 59 37 17 17 5 7 155 
. Bae hse 2 19 50 33 24 10 1 4 143 
FIFTH AND SIXTH STAGE LARVAE (MATURE) 

Experiment I..]......|..... 35 48 43 92 39 20 277 
. Be cp hckeuedes 54 60 98 94 77 40 423 
. ER Riki este stasts 36 58 104 99 60 38 395 
Ceeeed Fe acchevssindes ccs 9 11 46 64 51 38 219 
- Bee de a en Ea sem 19 21 60 93 101 76 370 
. BER bcke ace hana ee 8 15 52 83 96 78 332 

: PuPal ; 
eG 8. hoc. hos sh ssnes 15 33 24 6 2 80 
= Be icieiaren odors oe hee a scae 29 44 10 7 2 92 
. NM Be 5, ¢sutsde eave eee xd whew 1 46 36 6 5 94 
NM Ss. SoBe 6 5 ce SU Ea aaa etela st 15 21 a 43 
. On cM ok eons igh, cere anna e SEO Mag we 0 13 15 28 
. BER te SR nae abet oes rade 5 13 11 29 

ApuLts (NEW) - = i. 

ee BE lhc iy Aisin conta 6 | 43 5 0 54 
. BB beens amt ele ames mats 21 28 3 0 52 
S ei ee eect as ween 0 40 25 5 70 
Control I......]..... 15 11 26 
- ae 1 14 15 
. Bet... 3 5 8 


























1938] Bushnell: Growth of Tribolium 349 


This demonstrates that larvae living in the yeast-containing media pass 
through the last two larval stages and pupate in a much shorter time 
than those living in corn-meal without the yeast. This is further exem- 
plified by the fact that pupae were first observed in the count made on 
the thirty-seventh day of the experiment, in the case of the exper- 
imental series, but in the control series no pupae were observed until 
the count was made on the fifty-second day. 


The total number of pupae observed in the experimental series far 
exceeds the total observed for the control series, partly because the pupal 
observational period is longer in the former case but mostly because the 
peak of the pupal production is much higher. The indications are that 
more individuals are capable of pupating, and at an earlier period, in the 
case of populations living in corn-meal supplemented with yeast as 
compared with individuals living in corn-meal without the yeast. 


As shown in Fig. 1 and Table I adult offspring were first observed in 
the experimental series on the forty-fifth day of the experiment, but not 
until the sixty-fifth day in the control series. In the latter, probably 
some appeared a few days earlier but this is not indicated in the results 
because of the thirteen day interval between the counts made on the 
fifty-second day and those made on the sixty-fifth day. The peak of the 
adult population was reached on the sixty-fifth day in the experimental 
series but was not yet attained in the control series at the end of the 
seventy-fourth day. In another set of experiments which were con- 
ducted for a longer period of time, the peak of the adult population was 
attained on the ninety-first day in the case of populations living in corn- 
meal alone. At this time there were sixteen adults per twelve grams of 
corn-meal or 1.33 adults per gram of medium. The adult curve leveled 
off at this point. In the experimental series, the adult population leveled 
off on the seventy-fourth day with an average of 52 beetles per 10 grams 
of corn-meal plus 2 grams of yeast or 4.33 adults per gram of medium. 


DISCUSSION 


The higher level of young larvae maintained throughout the observa- 
tional period probably should be interpreted as due to an enhanced 
egg-production on the part of the female flour beetles living in the yeast- 
containing media. The effect of yeast on ovipositional rate is now being 
investigated by Lund and Bushnell. 


The shorter period of time required for the development of larvae in 
the yeast-corn-meal setup as compared with corn-meal alone is in line 
with the results of Sweetman and Palmer (1928). They believe that for 
Tribolium larvae ‘‘the distribution of the necessary growth-promoting 
substance is similar to that of vitamin B as defined by mammalian 
growth behaviour—”’ p. 51. As indicated in their Table V, yellow corn 
would appear to be more deficient in this growth-promoting substance 
than is white corn. They also show that yeast is a good source of the 
growth-promoting substance for Tribolium larvae. 

As is illustrated in Fig. 1, the number of days spent in the last two 
larval instars is greater for those larvae living in corn-meal alone as 
compared with those larvae living in corn-meal supplemented with 
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yeast. Chapman (1924) found that corn flour (whether white or yellow 
not stated) retarded growth and transformation of Tribolium larvae. 
In the present experiments, the period of growth (increase in size) would 
not appear to be retarded as much as found by Chapman, who, how- 
ever, concluded that the requirements for increase in size of larvae are 
much less exacting than for maturity or transformation. Richardson 
(1926) found that the addition of an alcoholic extract of yeast to highly 
milled patent wheat flour increased the rate of growth of larvae of 
Ephestia kuehniella. 

There seems to be some substance in yeast which facilitates the 
metamorphic process as is shown by the earlier appearance of pupae 
and the larger number of pupae in the populations reared on yeast- 
supplemented media. 


SUMMARY 


1. Yellow corn-meal to which yeast has been added serves 
as a superior medium to corn-meal in which to culture Tribolium. 


2. Yeast appeared to enhance the egg production of female 
flour-beetles as indicated by the records of young larvae in the 
experimental series as compared with the records in the control 
series. 


3. Larvae grow more rapidly in the yeast-corn-meal medium 
as compared with corn-meal alone. 


4. A higher percentage of individuals survive the meta- 
morphic period when reared in the corn-meal-yeast medium 
as compared with those reared in corn-meal without the yeast. 


5. The resulting adult populations are consistently higher 
per gram of culture-medium for the corn-meal plus yeast 
medium as compared with the medium of corn-meal without the 
yeast. 
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INSECTS OF CITRUS AND OTHER SUBTROPICAL FRUITS, by HEnry J. 
QUAYLE. Pages i-ix and 1-583, 377 text figures, 6 x 9, cloth. 1938. Com- 
STOCK PUBLISHING Co., 124 Roberts Place, Ithaca, New York. Price $5.00. 


After a lifetime of experience in the study of subtropical fruit insects and their 
control it is fitting that Professor Quayle should be the first to make an inventory 
in book form of the biology and control of these insects, not only in California 
but throughout the world. What a satisfaction it must be to follow a single line 
of endeavor to such a climax! 

The first chapter is an outline of the characteristics and distribution of the 
fruit trees and vines, the insect pests of which are discussed in subsequent 
chapters; i. e., citrus fruits, avocado, grape, Persian (English) walnut, almond, 
pecan, fig, olive, date, persimmon, pomegranate, and sweet cherry. Citrus 
and its pests are of course the most important and a key to the principal citrus 
fruit insects and mites in the United States is given at the end of this chapter. 
Special keys to species of citrus thrips, and mealybugs are given later. 

More than half of the book is devoted to the major and minor pests of citrus 
fruits. The treatment of the California red scale may be outlined as an example 
of the presentation of information on a major pest. The distribution and impor- 
tance of the red scale is first discussed and then its probable origin and source 
of introduction into California together with early records of it in California. 
Life history, food plants, parasites and predators follow. Control of this and 
other scale insects on citrus is discussed near the end of the book in chapters on 
fumigation and spraying and dusting. The chapters on control are developed 
historically and give a clear picture of present practices in California and their 
evolution. Splendid illustrations are given of the stages of the red scale, external 
and internal, and damage done by it. The most important parasite and predator 
are illustrated by line drawings. Methods and equipment for control are exceed- 
ingly well illustrated. A key and illustrations of taxonomic characters are given 
for the identification of species of the genus Aonidiella to which the California 
red scale belongs. 

One could go on at great length enumerating the excellent features of this 
book, such as keys for the identification of insects attacking fruits other than 
citrus, larval characters of certain fruit flies, entomogenous fungi of white flies, 
list of coccinellids with illustrations, list of hymenopterous parasites, and chapter 
on domestic plant quarantines pertaining to subtropical fruit insects. 

The whole book is attractive in printing and binding, the information 
presented is well organized, indexed, and documented by footnote citations, and 
the illustrations deserve the highest praise for quantity, quality and significance. 


—F. L. C. 





ADDITIONAL APHIDS FROM COLORADO 


MrriAM A. PALMER 


Colorado Agricultural Experiment Station 
Ft. Collins, Colo. 


Aphis coweni new name 


for A phis veratri Cowen, Gillette and Baker, 1895. Colo. Agr. Exp. Sta. 
Bul. No. 31. Tech. Series No. 1, p. 122. Palmer, Additions & Corrections 
to the “Aphidae of Colo.,” Ann. Ent. Soc. Amer. Vol. 29, No. 4, p. 
739, 1936. 
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Aphis coweni 


Alate viviparous female.—Color black throughout; appendages dusky 
to black. Body 1.30! to 2.20; hind tibiae .70—1.20; hind tarsi .13 to .14; 
antennae about 1.30. Hairs on outerside of hind tibiae .04; rostrum 
attaining 2d coxae, joint IV+V .13 to .14. Cauda tapering or nearly 
parallel-sided and bearing 4 to 6 lateral hairs. Lateral tubercles well 
developed on prothorax, and Ist and 6th abdominal segments. 


Described from five examples taken in Glacier National 
Park, Mont., July 10, 1935, by E. O. Essig and five examples 
taken above Tamarack Lake, Eldorado Co., Calif. 

All of Cowen’s specimens of A phis veratri were lost and the 
name has been preoccupied by Walker (1852, List Homop. 
Insects Brit. Mus.). A new name has accordingly been given 
and a neotype designated from specimens taken at Cedaredge, 
Colorado used in the descr ption and figures published in above 
citation to Palmer, 1936. Neotype in U.S. Nat. Mus. 


Aphis neogillettei? n. sp. 


Fundatrix.—Same as early apterous summer vivipara except anten- 
nae which are shorter, .65 to .75 in total length; antennal III+I1V 
anastomosed .29 to .34, V .12 to .14, VI .09 to .11+.09 to .11. 


1All measurements are given in millimeters, measurements in parenthesis 
indicate paratype variations. Measurements of structures figured are given on 
the figures and not repeated in the text. 

*Named after C. P. Gillette because of his many years of observation of this 
species and his calling the attention of the writer to heavy infestations advantageous 
for study. 
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Described from numerous specimens taken in curled leaves 
of Cornus stolonifera May 1 to 3, 1938 at Fort Collins. 


Early Apterous Summer Vivipara.—Color of entire dorsum dark 
olive green; antennae and legs pale yellow with terminal antennal joint, 
tarsi, and tips of tibiae dusky; cornicles and cauda blackish. Body to 
base of cauda 1 to 1.4; hind tibiae .50 to .70; antenna 1.05; rostrum 
attaining 3d coxae. Hairs on hind tibiae fine, erect, .06 long. Lateral 
tubercles large. 


Described from 27 specimens taken on Cornus stolonifera 
June 16 and 18, 1937, at Fort Collins, Colorado. 


Late Apterous Summer Vivipara.—Sexupara—Same as early aptera 
described above except that antennal III and IV are coalesced, antennae 
.75 long, and body is smaller .09 to 1.10. 


Described from numerous specimens taken on same host 
as above, August 19 to October 2, 1937, Fort Collins, Colorado. 
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Aphis neogillettet 


Alate Summer Vivipara.—Color of head and thorax black; abdomen 
dark olive-green without markings; antennae dusky except base of III; 
legs pale brownish with tarsi and tips of tibiae black; cornicles and cauda 
dusky. Length of body 1.60 (1.30 to 1.60); hind tibiae .80 (.70 to .90); 
hind tarsi .12; antennae 1.10; rostrum obtuse, attaining beyond 3d 
pair of coxae. Hairs on hind tibiae nearly erect .06 long. Lateral 
tubercles rather large. Secondary sensoria present on antennal III, 
somewhat convex, not tuberculate, arranged irregularly. Cornicles 
cylindrical or slightly tapering, with slight flanges. Cauda rounded at 
tip, somewhat tapering, nearly as broad, at base, as long. 


Described from holotype and 11 paratypes taken on Cornus 
stolonifera at Fort Collins, Colorado, on June 16, 1937, and 9 
paratypes taken June 18, 1937, same host and locality. 


Sexuales.—Ovipara.—Brownish olive-green, yellowish to golden on 
middle of dorsum due to eggs showing through; appendages as in sum- 
mer vivipara. Body .9 to 1.15; antennae .55 to .75, hind tibiae .40 to .55; 
rostrum attaining abdomen. Egg.—Golden brownish-yellow when first 
laid; becoming shining black later. Size .26 by .60. Male.—Olive-brown 
with antennae and legs light yellowish-brown. Body about 1 mm. long; 
hind tibiae .43; antennae .83. Apterous. 
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Described from numerous oviparae and 24 males taken 
September 3, 8, 10, 23 and 25, October 2 and 6, 1937; also 
oviparae taken September 21 and 24, 1918, by L. C. Bragg; 
September 10, 1925, and October 6, 1932, by C. P. Gillette. 


Habits ——This species infests the leaves which it causes to 
curl very badly. The eggs are laid on the twigs in the axils of 
leaves and around the buds. Alate viviparae appear from late 
May to the middle of June. At this time the alatae are 
fairly numerous, but comprise only a part of the generation so 
that many apterae are left to carry on the colony. 

Taxonomy.—This species differs from Aphis cornifoliae in 
the larger number of sensoria (12 to 18) on antennal III of the 
alate vivipara instead of not more than 8 and the filament of 
antennal VI being not longer than .24 mm. The color also 
differs in not being brown in viviparae. 

From Aphis helianthi the viviparae are definitely separated 
only by the longer and more erect hairs on antennae and tibiae. 
All measurements average shorter than in A. helianthi, but the 
limits of variation merge together. They differ in that antennal 
III and IV are coalesced in late summer apterae. The sexuales, 
however, differ radically in that the males are apterous instead 
of alate and the oviparae have hind tibia not swollen and with 
very few (1 to 4) sensoria on distal half, instead of distinctly 
swollen and bearing many sensoria over entire length. Further- 
more, egg laying begins early in September and is at its height 
when the fall migrants of Aphis helianthi are only arriving on 
the Cornus bushes to deposit the oviparae. 

Holotype in U. S. Nat. Mus.; Cat. No. 52348; paratypes in 
collection of Colo. St. Agr. Exp. Sta. 


Cerosipha roripae n. sp. 
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Cerostpha roripae 


A plerous Summer Vivipara.—Color of entire dorsum pale to medium 
green; cauda, antennae and legs brownish; cornicles pale. Body 1.2 to 
1.8 long; antennae 1.10, 5-jointed; hind tibiae .75 to .95; rostrum 
attaining between 2d and 3d pair of coxae. 
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Described from 10 examples taken on Roripa hispida June 21, 
1936, at Glenn Haven, near Estes Park, Colo. 


Alate vivipara.—Color of head and thorax dark; abdomen pale to 
medium green; cornicles pale; antennae, legs and cauda brownish. 
Length of body 1.5 (1.5 to 1.6); antennae 1.15; hind tibiae .95 (.85 to 1.); 
hind tarsi .12; rostrum obtuse, attaining to 2d pair of coxae. Hairs 
pointed nearly erect and .05 long on antennae and tibiae. Secondary 
sensoria circular, not tuberculate, scattered irregularly on antennal III, 
cornicles cylindrical to slightly tapering and with slight flange. Cauda 
parallel-sided, rounded at tip, 1.5 as long as wide. 


Described from holotype and 19 paratypes taken on stems 
and underside of leaves of Roripa hispida, not curling leaves, 
June 21, 1936, at Glenn Haven, near Estes Park, Colo. 

Taxonomy.—This species very closely resembles Aphis 
nasturtit Kaltenbach but is clearly distinguished by the antennal 
characters as to the number of both joints and sensoria. 

Holotype in U. S. Nat. Mus.; Cat. No. 52351; paratypes in 
collection of Colo. St. Agr. Exp. Sta. 


Capitophorus filifoliae n. sp. 





Alate viv. Se 
3? 27 28 
Apt viv. .92(.25-.36) -27(.22-28) __ .28(.23-.28) 





cs CO extent ison 
7-93 09-10 Hind tibia x60 


Capitophorus filifoliae 


A plerous Summer Vivipara.—Color of entire dorsum medium green 
which appears pale and frosted due to numerous colorless capitate 
or rather funnel-shaped hairs; legs and cornicles pale yellowish, tarsi 
and tips of tibiae black; antennae dusky beyond III; cauda dusky. 
Length of body 1.3 (1.1 to 1.3); width across eyes .36; hind tibiae .75 
(.72 to .80); hind tarsi .10 to .11; rostrum with needle-like tip, attaining 
2d or 3d pair of coxae. Cornicles cylindrical or slightly tapering. Cauda 
elongate, slightly constricted near base, bearing 2 pairs of lateral hairs 
and 2 median ones near tip. Hairs funnel-shaped at tip and with short 
stalk on head and body, .03 to .05 long on vertex, .01 to .03 long on 
body; simple and blunt on antennae and legs, .01 long on antennae, 
.012 to .02 on middle of outer side of hind tibiae; simple and pointed 
on cauda. 


Figured and described from holotype and 14 paratypes 
taken on leaves of Artemisia filifolia near Denver, Colorado, 
August 27, 1919, by L. C. Bragg. 
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Alate Summer Vivipara.—Color same as in aptera except head and 
thorax which are darker. Length of body 1.4, antennae 1.70; hind 
tibiae .72; hind tarsi .10; rostrum attaining between first and 2d coxae. 
Sensoria on antennae circular, 10 in a row along nearly entire length of 
III, O on IV or V. Other characters as in aptera described above. 


Described from a single specimen taken with holotype. 
Holotype in U. S. Nat. Mus.; Cat. No. 52349; paratypes in 
collection of Colo. St. Agr. Exp. Sta. 


Capitophorus gnaphalodes n. sp. 
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A pterous Summer Vivipara.—Color of entire dorsum pale green; 
frosted due to capitate hairs, antennae dusky beyond base of III, tibiae 
pale brownish with tips and tarsi blackish; cornicles pale with brownish 
tips; cauda pale. Body 1.80 (1.3 to 1.80) long, width across eyes .43; 
antennae 2.80 (2.40 to 2.80) long; hind tibiae 1.25 (1.03 to 1.30) long; 
rostrum surpassing 2d pair of coxae. 


Described and drawn from holotype and 49 paratypes taken 
on Artemisia gnaphalodes at Pingree Park, Larimer Co., Colo- 
rado, August 21 (immature individuals were reared and mounted 
Aug. 26). Taken on under side of leaves, not curling leaves. 

Taxonomy.—This species differs from Capitophorus glandu- 
losus in cauda being much more than one-half as long as 
cornicles instead of one-third; hairs on head are less slender, 
antennae, tibiae, tarsi, cauda and rostral IV+V are longer 
while cornicles are shorter than in the latter species. 

Holotype in U. S. Nat. Mus.; Cat. No. 52350; paratypes in 
collection of Colo. St. Agr. Exp. Sta. 


Macrosiphum purshiae n. sp. 
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A pterous Summer Vivipara.—Color of entire dorsum medium green 
either slightly frosted or shining; antennal I and III, cauda and femora 
brown, all other appendages black. Length of body 2.35 (2 to 2.5); 
antennae 4 (4.15); hind tibiae 2.20 (2.10 to 2.80); hind tarsi .13; rostrum 
attaining to or nearly to 3d pair of coxae. Hairs blunt, on basal half of 
antennal III, .05 long; on outerside of middle of hind tibiae .05, drooping; 
cornicles cylindrical, with flange, broader at base, imbricated, not 
reticulated. Cauda elongate, tapering, with scarcely any tendency to 
constriction at base, bearing three hairs on a side. Rostral IV+V 
triangular, almost acute, hardly attaining 3d pair of coxae. 


Described from holotype and numerous paratypes taken on 
leaves and stems of Purshia tridentata, September 3, 1932, and 
two paratypes taken October 8, 1922, above Bellvue (alt. 
8,000 ft.), Colo. 


Taxonomy.—This species resembles Macrosiphum pisi but 
differs in shorter, broader cauda and longer hairs, black color of 
antennae and tibiae, and filament of antennal VI longer than III. 

Holotype in U. S. Nat. Mus.; Cat. No. 52352; paratypes in 
Colo. St. Agr. Exp. Sta, 


OUR SHADE TREES, by Epuraim Porter FEtt. Pages 1-187, 31 half-tone 
plates and 1 text figure, 5% x8. Cloth. 1938. ORANGE JUDD PUBLISHING 
Co., 15 E. 26th St., New York City. Price $2.00. 


Economic entomologists have been so largely concerned with the entomo- 
logical problems of agriculture that, until recent years, they have given com- 
paratively little attention to insect control in urban and suburban areas. The 
pest control operator and the tree expert, usually untrained in entomology, had 
made a business of controlling insects in and around cities long before most 
economic entomologists were aware of their existence. Now, entomologists are 
co-operating with both groups of practical control operators. A few trained 
entomologists have entered the business of insect pest control and are doing their 
part to raise technical and ethical standards. 

Undoubtedly the most prominent entomologist in the business of conserving 
shade trees is E. Porter Felt, the author of this book. In his letter to the Editor 
announcing the appearance of the book, he says, ‘‘I have tried to produce a 
readable account of what shade tree conservation really means to both owner 
and practitioner. It is not a scientific work in the usual sense.’’ After having 
read the book, the reviewer feels that it is intended primarily to make the unin- 
formed public ‘‘tree conscious.’’ It is not a shade tree manual either for the 
‘‘dendrician”’ as Dr. Felt calls the tree expert, or for the entomologist. It is 
broadly educational, pointing out the kinds of shade trees and their value, what 
factors may affect them adversely and how, in general, they may be protected 
from harmful environmental factors, pathogens, and pests. The reader is made 
aware of what treatments trees may need to conserve their vigor, but between 
the lines one reads, ‘‘When your trees are in trouble, or better before, call your 
dendrician.”’ 

It is to be hoped that this book will stimulate the appreciation, planting, 
and care of shade trees and will help entomologists to grasp the possibilities of a 
relatively new profession that is partly applied entomology.—F. L. C 





NOTE ON THE POPULATION OF FORMICA 
EXSECTOIDES 


Wo. T. M. Forses 


Cornell University 
Ithaca, New York 


The recent paper by Cory and Haviland (Ann. Ent. Soc. Am, xxxi, 
50, 1938) may perhaps be made the basis of a little closer estimate by 
considering that the contents of each nest is probably roughly in pro- 
portion to the cube of a dimension (in this case the height). 
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Fig. 1. Graph of empirical equation for estimating the number of ants 
(Formica exsectoides) in a nest from its height. 


In fact the two nests counted suggest that the larger has a few 
more ants in proportion; so this was allowed for in drawing a curve 
(Fig. 1), and estimating the most probable number of ants in a nest of 
each height. It was assumed that a nest of zero height has no ants, 
which is perhaps not strictly true. 

It will not be worth while to give the figures; but the total for the 
73 mounds on this acre comes out about 10,490,000, a negligible number 
fewer than result from Cory and Haviland’s calculation. 

By assuming a law of the same kind there should be 67,000 queens 
in the same 73 nests, but the rapid increase in number of queens with 
size of nest makes the figure of little real significance. 
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THE RELATION OF HOST PHYSIOLOGY TO DEVELOP- 
MENT OF THE BRACONID PARASITE, 
CHELONUS ANNULIPES WESMAEL 


W. G. BRADLEY AND K. D. ARBUTHNOT 
Bureau of Entomology and Plant Quarantine, 
U.S. Department of Agriculture 


During several years’ observations at Arlington, Mass., and 
Toledo, Ohio, on Chelonus annulipes Wesm., particularly in 
relation to its use as a parasite of the European corn borer 
(Pyrausta nubilalis Hbn.), an opportunity was presented to 
note its biological reaction when reared on several different 
hosts. The parasite has been reared on both the multiple- and 
single-generation strains of Pyrausta nubilalis, on Pyrausta 
penitalis Grote, and on Ephestia kuehniella Zeller. 


The biology and morphology of Chelonus annulipes have 
been described fully by Vance (1932), who treated it as a par- 
asite of the two-generation strain of Pyrausta nubilalis in Europe. 
This author (1932, p. 47) has briefly summarized its biology as 
follows: ‘“The female of C. annulipes deposits her egg in that of 
the host, and the larva passes through three stages within the 
growing borer. During its last stage the parasite larva issues 
from the fourth-instar Pyrausta, devours all remaining contents 
of the latter, spins a cocoon, and pupates.’’ Under whatever 
environmental conditions the host develops, it is found that the 
parasite remains in the first instar throughout the greater part 
of its larval period. After the first molt, development of the 
parasite is completed rapidly. 


SYNCHRONIZATION 


One of the striking facts brought out by studies of Chelonus annulipes 
is the closeness with which this parasite accommodates its development 
to that of its host. Evidently this trait, to some extent at least, is char- 
acteristic of this and closely allied genera. Pierce and Holloway (1912), 
in writing of the relationship between Chelonus texanus Cresson and its 
host, Laphygma frugiperda S. and A., say, ‘“The time of emergence of 
the parasite seems to depend almost entirely upon the size of the host. 
If it grows and feeds slowly, so does the parasite within.” Cox (1932, 
p. 21) states that the emergence of Ascogaster carpocapsae Viereck 
(= A. quadridentata Wesmael) synchronizes extremely well with that of 
the codling moth. 
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Vance (1932, p. 47) emphasizes the synchronization between 
Chelonus annulipes and its host in the following brief summary of the 
parasite’s life history in Europe: “In northern Italy C. annulipes, like 
its host, has two generations annually. It overwinters as a late first- 
stage larva within the fourth-instar borer and in early May resumes 
development. Pupation and emergence follow toward the middle and 
end of the month, and in early June a considerable number of adults 
are in the field to attack the eggs of the first host generation already 
present on young corn plants. The last-stage Chelonus larvae from this 
lot issue and spin their cocoons in the middle of July, and during the 
last week of that month and the early part of August the adults emerge 
and begin ovipositing in the Pyrausta eggs of the second generation. 
Both host and parasite of this generation, after a certain amount of 
growth, enter a dormant condition for the winter months.” 

Following the introduction of Chelonus into the United States it 
early became evident that the parasite was capable of synchronizing 
with its host in the various environments occupied by Pyrausta 
nubilalis. 


SYNCHRONIZATION WITH MULTIPLE-BROODED STRAIN 


The multiple-brooded strain of the corn borer occurs along the 
Atlantic seaboard in the United States. 

Under natural conditions, close agreement between development of 
parasite and this host is indicated. Parasites attacking the first genera- 
tion of the host in New England produce adults during the same season 
at a time when second-generation host eggs are available. Parasite 
larvae resulting from oviposition in these eggs, however, do not devleop 
beyond the first instar until the following spring, when host metabolism, 
unaccompanied by feeding or size increase, is accelerated. The par- 
asitized hosts, however, attain their maximum growth during the 
season in which parasitization took place. 

It is possible to obtain uninterrupted development of these borers 
through generations of equal duration in the laboratory, and, in the 
case of parasitization by Chelonus on this strain, close synchronization 
of the life cycles of host and parasite is obtained. This is demonstrated 
by the curves in Fig. 1. Apparently development would be continuous 
through an indefinite number of equal-length generations of the parasite. 


SYNCHRONIZATION WITH SINGLE-BROODED STRAIN 


The one-generation strain of the corn borer occurs west of the 
Atlantic Coast States. The diapause requirement of this form is of 
considerable importance for its optimum metabolic functions. 

Whenever the opportunity is presented the host to satisfy its dia- 
pause requirement, development of both host and parasite proceeds in 
a normal manner. Under natural conditions, single-generation host 
eggs are present in greatest numbers about the first week in July. 
Larvae from these eggs are entering the fifth instar late in July and 
early in August or about the time when, in areas producing two genera- 
tions of the host, Chelonus adults are emerging. Chelonus larvae, result- 
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ing from parasite attack on single-generation host eggs early in July, do 
not issue from their hosts or even pass beyond the first instar during 
the current season although their hosts have attained their maximum 
size and, based on the time requirement of first-generation larvae on 
the multiple-generation strain of host, a sufficient interval may have 
elapsed before the advent of cold weather to have permitted complete 
development of the parasite. It is evident that, although the host larvae 
attain sufficient size during the summer months to permit full develop- 
ment of the parasite, the physiological condition of the host does not 
promote development of the parasite beyond the first instar until after 
the diapause requirement has been satisfied. 
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Fic. 1. Emergence curves of Pyrausta nubilalis and Chelonus annulipes (multiple- 

generation strain) when reared in the laboratory in a given environment 

(80° F. and 70 percent relative humidity). Solid line shows number of 

parasites emerging indicated number of days after egg deposition. Broken 

line shows number of host adults emerging indicated number of days after 
hatching. 


Attempts to force continuous development of borers of the one- 
generation strain under controlled conditions in the laboratory meet 
with little success and result in high mortality rates. Uninterrupted 
growth accompanied by low mortality is secured until the host larvae 
have attained a size normal for larvae reaching full growth under nat- 
ural conditions in the field. From this point, however, the physiological 
changes normally accompanying further development are slowed down 
in the great majority of cases. After variable periods of little or no 
change in development of the full-grown larvae, death occurs, except in 
a few instances when the slow development ends in pupation. 
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When eggs of the single-generation strain of borer are parasitized by 
Chelonus, the parasite reacts in a normal manner for a time, i. e., the egg 
development is normal and dependent on host-egg development and the 
usual slow growth of the first-stage parasite larva takes place. Later, 
however, as there is no definite period when preparation for pupation of 
the host could be expected to take place, similarly there is no definite 


TABLE I 


RATE OF DEVELOPMENT OF CORN-BORER LARVAE OF THE SINGLE-GENERATION STRAIN 
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period within which the parasite could be expected to pass into the later 
larval stages to begin its rapid growth. The rate of development of 
single- -generation borers is given in Table I. (These larvae were reared 
in a constant environment of 80° F. and 70 per cent relative humidity, 
conditions similar to those in which were reared the two-generation 
larvae the life cycle of which is graphically presented in Fig. 1). 


TABLE II 


DEVELOPMENT OF Chelonus annulipes UNDER A CONTROLLED ENVIRONMENT 
or 80° F. anp 70 PERcENT RELATIVE HuMIDITY 
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The reaction of parasites reared on borers of similar type under iden- 
tical environmental conditions is shown in Table II. It may be noted 
that parasite development in these borers was extremely irregular, indi- 
cating that the physiological reactions of the host resulting from 
unnatural conditions forced upon them were adversely reflected in the 
development of the parasites. The difficulty experienced in obtaining 
pupation of the host was duplicated in obtaining cocoons of the parasite. 
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RATE OF DEVELOPMENT 


A comparison of the rate of development of two lots of larvae, one 
reared on the multiple-generation strain of the borer in New England 
and one on the single-generation strain at Toledo, Ohio, is given below. 
Both lots were carried under as nearly identical environmental condi- 
tions as possible. (On either strain of the host, the parasite issues from 
the fourth instar.) 


Chelonus reared on 
multiple-generation strain of borer 


No larvae remained in the first instar 
more than 15 days after oviposition. 


No second-stage larva noted after 17 


Chelonus reared on 
one-generation strain of borer 


All larvae remained in first instar at 
least 20 days after oviposition. First- 
instar larvae found 36 days after 
oviposition. 


days following oviposition. 
No second-stage larvae noted before the 


No third-stage larva within the host 20th day following oviposition. 


noted after the 19th day following 


oviposition. No third-stage larva noted before the 


24th day following oviposition. 


These observations on Chelonus annulipes indicate that larval growth 
of the parasite is dependent on the physiological condition of the host. 
When development of the host proceeds without interruption, the 
growth of the parasite larva is regular, although its rate varies with the 
rate of development of the host. When, however, the physiological 
changes within the host necessary for the further development of the 
parasite larva, slow up or cease, growth of the parasite is retarded or 
checked entirely. For example, the parasite egg will not hatch if depos- 
ited in an infertile host egg and, if the embryonic development of the 
host is prolonged owing to any factors, the embryonic development of 
the parasite responds accordingly. This appears to be true with Asco- 
gaster carpocapsae, as noted by Cox (1932, p. 16), as well as with C. 
annulipes. Furthermore, in the case of Chelonus parasitism in the field 
on the second generation of multiple-generation borers, and on single- 
generation borers, the parasitized host larvae reach their maximum size 
in the fourth instar late in the summer or early in the fall. The parasite 
larvae, however, do not develop beyond the first instar until the follow- 
ing spring, when development is resumed without further feeding or 
growth of the host. 


DISCUSSION 

Independent of meteorological conditions, the development of 
Chelonus is regulated by the physiological changes in the host, and this 
serves to insure the production of parasite adults in synchronization with 
the presence of host adults and, ipso facto, with host eggs. The influences 
originating within the host, causative of such synchronizing action, 
apparently begin to exert their greatest force after feeding of the host 
larva has ceased, although this cessation of feeding appears to be due to 
influences brought about by the parasite. It is the opinion of the writers 
that the factor or factors which operate to control the time of emergence 
of the parasite become operative incident to the physiological changes 
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immediately preceding host pupation. To amplify the plausibility of 
this assumption it should be stated that the parasite larva never passes 
beyond the first instar until feeding of the host ceases and its premature 
web is started.’ This means that by far the greater part of the parasite’s 
larval life is spent in the first instar, during which time there is slow 
growth whether development of the host and parasite is to be continuous 
or is to be interrupted by diapause. The premature cessation of feeding 
and web spinning by the host larva is a phenomenon characteristic only 
of parasitized individuals. Therefore, it is evident that the presence of 
the parasite larva, even though its growth remains at a minimum, has a 
profound effect on the metabolism of its host. Furthermore, the contin- 
ued and much more rapid development of the parasite after a period of 
host-parasite diapause does not occur until such time as the host, if in an 
unparasitized state, could be expected to experience the changes nor- 
mally following larval maturity and incident to pupation. Whether sim- 
ilar changes in parasitized borers are the causative factors for the 
inception of rapid parasite development is not known. The reaction of 
Opius melleus Gahan to changes incident to maturity of its host Rhag- 
oletes pomonella Walsh may be a case in point. Lathrop and Newton 
(1933, p. 153) state: ‘“The parasite larva has never been observed to 
transform to the second instar until after the formation of the host 
puparium. Then the larval development of the parasite usually proceeds 
rapidly.” 

The fact that attempts to force continuous development of Chelonus 
on the one-generation strain of the borer gave unsatisfactory results, and 
that, following a hibernating period, normal development occurred, 
cannot be attributed to a dispause need inherent in the parasite itself, 
since parasite adults used at Toledo were obtained from the multiple- 
generation strain of borer. Further, as an indication that the unsatis- 
factory response of the parasites when subjected to constant develop- 
mental conditions was not caused by some unknown factor in an 
environment characteristic of that occupied by the one-generation 
strain of the borer, the results of limited rearings on Pyrausta penitalis 
Grote are offered. Perfect synchronization of development between 
Chelonus and this host was obtained in a constant environment of 80° F. 
and 70 per cent relative humidity. Cocoons had been spun by the 20th 
day after parasitization of the host egg, or about the time of cocoon 
formation resulting from parasitism on the multiple-generation strain of 
the borer in a similar controlled environment. P. penitalis adults and 
parasite adults were first noted on the same day. 

Limited rearing of Chelonus on Ephestia kuehniella Zell. in a develop- 
mental environment of 80° F. and 70 per cent relative humidity indi- 
cated a life cycle for the parasite differing in length from that obtained 
with Pyrausta penitalis or P. nubilalis as hosts, in a similar environment. 
Synchronization of development between parasite and adult was still 
evident, grain moth and parasite adults appearing at about the same 
time from eggs laid over a like period. In one small lot, started in Octo- 
ber, the elapsed time between parasite egg and adult averaged 44 days. 
In another lot of 298 individuals the life cycle averaged 50.72 days, and 
from a lot of 1,172 adults the average cycle was 72.62 days. In all cases, 
the emergence of host and parasite adults synchronized. 





i 
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SUMMARY 


Observations have indicated the dependency of Chelonus 
development on the status of the physiology of the host. The 
parasite’s growth seems to be unaffected by meteorological or 
other external environmental conditions except insofar as they 
affect the host’s physiology. Variation in host habits produces 
life cycles of the parasite of several different durations. 

Under natural conditions, parasitization of the first-genera- 
tion eggs of the multiple-generation strain of the corn borer 
takes place early in June and adults are produced about 
August 1, the period necessary for complete development 
being not over two months. Parasitization of the second- 
generation eggs of the multiple-generation strain of Pyrausta 
nubilalis results in delay of adult emergence until late in May 
of the following year. The interval between egg and adult in 
this case is approximately ten months. In the vicinity of Toledo, 
Ohio, host eggs of the one-generation strain of the borer become 
available about the first week in July. Asa result of parasitism 
on such eggs, adults do not appear until approximately a full 
year has passed. 

Under developmental environments, controlled as to tem- 
perature and humidity (80° F. and 70 percent relative humidity), 
this braconid passes from egg to adult in about 30 days when 
reared on the multiple-generation strain of the European corn 
borer. This is approximately the time consumed when 
parasitism is on Pyrausta penitalis. On the single-generation 
strain of the borer, production of parasite adults is attended 
with such irregularities that an average figure for the duration 
of the life cycle would be of little value. However, the mini- 
mum time recorded was 36 days. On Ephestia kuehniella, 
under similar environmental conditions, the average interval 
between egg and adult was 44 days. 
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MASS EGG PRODUCTION BY THE COCCINELLID 
HIPPODAMIA CONVERGENS GUER. 


Gorpon W. HAuaG, 


The Ohio State University, 
Columbus, Ohio 


Methods for obtaining egg production by the convergent 
ladybeetle through the use of frozen aphids have been reported 
by the writer in another paper (1938). By using frozen aphids, 
satisfactory egg production can be maintained at any time of 
the year. 

Frozen aphids desiccate quickly after being removed from 
storage. The technique developed calls for the use of a 
humidifier and a special type of feeding cage that keeps the 
beetles close to the food supply at all times, resulting in a 
minimum of food wastage. 

However, it is more convenient and practical to use living 
aphids as food during times of the year when they are very 
abundant. 

During the growing seasons of 1935 and 1936 the writer 
experimented in detail with methods of obtaining most efficient 
egg production by convergens when fed living aphids. The 
methods developed are reported in this paper. As the work 
was prompted by the need of a daily egg supply for convergens 
ovicide tests by Haug and Peterson (1938), the writer’s interest 
at all times was in working out methods for obtaining these 
eggs. It was not the purpose of the work to make a study of 
convergens oviposition. 


METHODS 


Species of Aphids Used.—Among the species of aphids used as food 
for convergens were the following: elm-leaf curl aphid (Georgiaphis 
ulmi), elm cock’s comb gall aphid (Colopha ulmicola), bean aphid (A phis 
rumicis), giant hickory aphid from sycamore (Longistigma caryae), 
aphid on wild carrot (Rhopalosiphum melliferum), false cabbage aphid 
(Rhopalosiphum pseudobrassicae), aphid on willow (Clavigerus smithiae), 
poplar gall aphids (Pemphigus populi-transversus and P. populicaulis), 
green peach aphid (Myszus persicae), pea aphid (Jilinoia pisi), green 
apple aphid (A phis pomi) and an aphid from spiraea (sp. undet.). 

Convergens adults will feed readily on the above species, and produce 
eggs when fed a strict diet of any one of them. 

The writer has worked with only one aphid species that will not 
support egg production. It was a woolly aphid from elm (sp. undet.). 
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During the 5 days it was being used, egg production in the laboratory 
fell from 600 per day to none. 

Of the many species that serve as food, it is advisable to use only 
those that can be collected in large quantity. Rather than depend on 
small daily aphid collections, it is more practical to collect them by 
the gallon and store them in the laboratory at 2 degrees Centigrade, 
under high humidity. This method assures an uninterrupted supply for 
one or more weeks, depending on the number of beetles being fed. 

Three species have been found particularly acceptable. They are 
the two poplar gall aphids P. populi-transversus and P. populicaulis, 
and the elm-leaf curl aphid G. ulmi. Of these, the two poplar gall 
aphids are by far the most satisfactory. In Columbus, the galls have 
been collected at the rate of several hundred per hour. Also, they store 
well. Galls are clipped from the leaves, packed loosely in paraffined 
Sealright containers (pint) containing saturated cellucotton, and having 
a small hole in the lid for aeration. At the end of two months there is 
no appreciable mortality among the aphids (P. populi-transversus) of 
galls stored at 0 and 2 degrees C. 

An average-sized gall of P. populi-transversus will contain more 
than 500 aphids. 

Laboratory Apparatus.—Convergens adults have been kept in many 
kinds of cages, including glass vials, flower-pot saucers with glass tops, 
and Petri dishes. None of these is satisfactory when quantity egg 
production is desired. Glass vials could be made acceptable if one were 
interested in individual egg records. A satisfactory cage must provide 
special conditions of light and humidity. 

In the case of cages such as flower-pot saucers, adults collect on the 
upper edge of the cage on the side of the light source. They fall repeat- 
edly to the bottom of the dish. Being distended with eggs they are not 
able to right themselves, and die. Egg production is very low. Glass 
vials and Petri dishes, as such, do not allow for proper aeration or 
humidity. 

The standard cage is one-half of a Petri dish with a cheese-cloth 
top. The cheese-cloth is stretched between two hoops made of one-half 
inch aluminum stripping. In diameter the hoops are not much more 
than that of the Petri dish half (Figs. 1 and 2). 

There is no condensation of moisture in this cage. The source of 
light is directed from below, keeping the beetles in the bottom of the 
cage, next to the source of food. A series of cages is shown in place on 
the light-box in Fig. 2. 

Because of the cloth tops, there is considerable loss of aphid food 
through desiccation. To prevent this loss a humidifier is used. It fits 
over the cages on the light-box. The light-box and humidifier have been 
described and illustrated by the writer elsewhere (1938). Both are 
standard equipment in this work. Potassium sulfate is used in the 
humidifier. 

Daily Treatment.—The beetles are fed twice daily. At each feeding 
the glass Petri dish is cleaned thoroughly. A piece of cellucotton sat- 
urated with water is placed in the center of the cage to provide moisture 
for the beetles. A supply of leaves of Spiraea Vanhouttei Zabel is 
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kept in the cage at all times for the beetles to oviposit on. Sufficient 
poplar galls are introduced to provide an excess of food. In Fig. la 
cage is shown with top removed and containing spiraea leaves bearing 
egg clusters, opened poplar galls and beetles. 

At each feeding, the spiraea leaves bearing egg clusters are removed. 
This is how eggs are collected for the ovicide tests. The spiraea leaves 
are especially satisfactory. Beetles oviposit on them readily, they 
remain turgid a long time, and are very smooth. In Fig. 3 is shown a 
spiraea leaf with egg clusters in various stages of hatch. The larvae 
have hatched and migrated from two of the clusters. 

Overwintering females retain their fertility of the previous season. 
For that reason, males are not kept in the oviposition cages, because 
they not only consume valued food, but they tend to interfere with 
egg deposition because of their copulation instinct. 


OVIPOSITION DATA 


Time has not been available for making extensive egg counts using 
the equipment developed and described above. 

As a sample of what can be expected from convergens, laboratory egg 
production for the period July 6 to July 15, 1936, is recorded. The 
beetles used were overwintering adults of the 1935 season, collected near 
Placerville, California, during February, 1936, and stored since, in 
California and Ohio. The beetles had been used in the laboratory for 
some time previous for egg production. Their energies were reduced, as 
is evidenced by the fact there were 48 beetles at the beginning of the ten 
day period, and only 16 living at the end. 

17,933 eggs were collected in the 10 days. The daily average number 
of females was 35. The number of eggs per female-day was 51.2. When 
frozen aphids were used as food (Haug, 1938), egg production was much 
lower, partly because the food supply was less plentiful. 


CONCLUSIONS 

Unless the proper methods are used, convergens females will 
not produce eggs. If methods are only partly satisfactory, all 
or a part of the eggs are eaten a short time after deposition. 
Equipment and methods have been developed that obtain 
egg-laying efficiency. 

When fed an excess of living poplar gall aphids (Pemphigus 
populicaulis), a daily average of 35 overwintering females 
deposited 17,933 eggs in 10 days, an average of 51.2 eggs per 
female-day. 
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Egg Production by Coccinellids 
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Fig. 1. Standard feeding and oviposition cage, with cheesecloth top removed. 
Note the egg clusters on the spiraea leaves. 


Fig. 2. Feeding cages in place on light-box. 
Fig. 3. A spiraea leaf with egg clusters in various stages of hatch. The larvae 
have hatched and migrated from two of the clusters. 
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A SEPTICEMIA OF THE SOUTHERN ARMYWORM 
CAUSED BY BACILLUS CEREUS 


FRANK H. BaABERS 
Division of Control Investigations, Bureau of 
Entomology and Plant Quarantine 
U. S. Department of Agriculture 


In connection with experiments on insect physiology being 
carried on in the laboratories of the Division of Control Investi- 
gations, mature larvae of the southern armyworn (Prodenia 
eridania Cram.) have been used in large numbers. The insects 
have been reared in greenhouse cages on turnip, cabbage, and 
spinach foliage. For a while the work was greatly hampered 
by the outbreak of an epidemic disease from which 400 to 500 
larvae died each day. The affected insects, most of them 
mature larvae, stopped feeding, dropped to the ground, and 
lay fully extended with few signs of life for several hours before 
death. They usually regurgitated, sometimes repeatedly, and 
were frequently coated with moist sand from the bottom of the 
cage. Blood (haemolymph) smears from larvae that appeared 
motionless but still responsed slightly to irritation contained 
many large rod-shaped bacteria, both free in the plasma and 
phagocytized in the few blood cells that were present. This 
bacterium has been isolated, identified as Bacillus cereus, 
and shown to cause a pathogenic septicemia in seemingly normal 
larvae of the southern armyworm. 

Pasteur (1870) in his epoch-making studies on pebrine, 
isolated a sporozoan from diseased silkworms and proved that 
the disease was caused by this organism. Since that time many 
investigators have shown that bacteria are the cause of various 
insect diseases. Bacillus cereus, probably the most common 
spore-forming bacterium in the soil, is known to be mildly 
pathogenic to guinea pigs (Clark, 1937), but, so far as the 
author knows, this is the first time it has been described as the 
cause of a disease in insects. 


INOCULATION EXPERIMENTS 


Cultures from the blood of insects that had been washed in 70 per 
cent alcohol were prepared by snipping a leg with sterile scissors and 


1The author acknowledges the help of Dr. Francis E. Clark, Division of Soil 
Microbiology, Bureau of Plant Industry, U. S. Department of Agriculture, who 
made the final identification of the organism as Bacillus cereus. 
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catching a drop of blood directly in a tube of sterile broth. Pure sub- 
cultures were obtained by standard bacteriological methods. Seemingly 
normal healthy larvae were inoculated, after being washed in alcohol, 
by piercing the integument with a sterile insect pin that had been 
dipped into a 24-hour broth culture obtained from isolated colonies. 
About half the larvae were dead within 24 hours, and they were all 
dead in 72 hours. Insects injected hypodermically with as much as 0.05 
ml, of sterile broth showed no ill effects and pupated normally. Bacteria 
were recovered from the blood of inoculated insects that were almost 
incapacitated but still alive and were used to inoculate other larvae. 
Again the mortality was 100 per cent. Since the symptoms of the 
induced and the natural disease are the same, the isolated organism 
seems to fulfill all Koch’s postulates and may be accepted as the cause 
of the disease. 

Attempts to infect larvae by allowing them to feed on plants wet 
with broth cultures of the bacteria were unsuccessful. Insects that had 
been dipped in 24-hour cultures also pupated and emerged normally, as 
did larvae placed in small containers with inoculated insects. The nor- 
mal method of transmission of the disease is therefore unknown. 

Cockroaches (Periplaneta americana L.) died within 96 hours after 
being injected between the abdominal segments with 10-3 ml. of a 24-hour 
broth culture. White mice injected intraperitoneally with 0.5 ml. of the 
same culture were apparently unaffected. 


COMPARISON OF BLOOD COUNTS ON HEALTHY AND 
INFECTED LARVAE 


Blood counts on sick southern armyworm larvae showed a marked 
reduction in the number of cells present. In a group of 12 uninfected 
insects the blood count ranged from 23,800 to 36,600, with an average of 
30,500, cells per cubic millimeter, while in the infected larvae the 
average was 8,462, with a low of 1,080 and a high of 19,200, cells per 
cubic millimeter. 


DESCRIPTION OF THE ISOLATED ORGANISM 


Since there has been considerable confusion even in the bacteriolog- 
ical identification of Bacillus cereus, and since this paper is written 
primarily from the entomological viewpoint, a description of the isolated 
organism is given. 

Source.—Blood of the southern armyworm (Prodenia eridania 
Cram.). 

Mor phology.—Rods 1.0 to 1.2u in width and 3.0 to 5.0u in length 
and occasionally longer; mostly straight although some are curved; 
rounded ends; occurring singly and in chains; motile. Gram-positive 
and not acidfast; emulsifying easily. Spores equatorial, oval, and 
causing slight distortion; appearing on agar in 36 hours. 

Colonies.—Agar: Irregular, circular, 3 to 5 mm. in diameter; surface 
rough, raised, and convex; edge undulate, dull, and opaque. Gelatin: 
Circular, crateriform, liquefaction cup, surface smooth, translucent. 
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Slants.—Agar: Abundant, slightly spreading with erose edges, dull, 
odor slight, consistency membranous. Loeffler’s serum: Slowly liquefied. 
Potato: Abundant, flat, slightly yellowish. MacConkey’s bile salt agar: 
No growth. 

Gelatin stab.—Line of puncture filiform; liquefaction napiform, com- 
plete in 72 hours. 

Nutrient broth—Abundant, turbid; deposit abundant and flocculent. 
Delicate pellicle. 

Biochemical reactions.—Acid; no gas in synthetic media containing 
glucose, levulose, maltose, sucrose, starch, or glycerol. No change in 
arabinose, rhamnose, zylose, galactose, mannose, raffinose, inulin, 
dextrin, or sorbitol. Litmus milk alkaline and peptonized from top 
down, granular cloth, slowly decolorized. Indole negative. Methyl red 
negative. Voges Proskauer negative. Nitrates reduced to nitrites. 
Ammonia positive. Hydrogen sulphide negative. Methylene blue 
reductase positive. Catalase positive. 

Metabolic.—Aerobe, facultative anaerobe; grows best at room 
temperature. 


Resistance.—Spores withstand 2 hours’ boiling. 


These cultural characteristics are those of Bacillus cereus (Frank- 
land), and the isolated organism is therefore clssaified as of that species. 


CONTROL OF THE DISEASE 


Larvae of the southern armyworm are now being reared in cages 
recently designed by P. A. Woke. These cages are thoroughly washed 
with cresol at 10-day intervals. At the same time the sand on the bottom 
of the cages is washed with water and then sterilized by heating at 180° 
C. for 12 hours. These measures, together with the avoidance of over- 
crowding, appear to be effective controls for the disease, since there has 
been no recurrence of the outbreak. 


SUMMARY 


The occurrence of a bacterial disease of the southern army- 
worm (Prodenia eridania Cram.) has been described. 

A bacillus has been isolated from the blood of diseased 
southern armyworms and shown to cause a pathogenic septi- 
cemia when injected into normal larvae of that species and also 
in cockroaches (Periplaneta americana L.). It is nonpathogenic 
for white mice. 

The cultural characteristics of the bacillus are those of 
Bacillus cereus and the organism is classified as of that species. 
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THE BASIS OF THE RHYTHMIC FLASHING 
OF THE FIREFLY 


N. S. R. MALOEUF 


The Biological Laboratory, Cold Spring Harbor, Long Island, 
and the Osborn Zoological Laboratory, Yale University 


During the first few hours after the onset of darkness the 
adult firefly, Photuris pennsylvanicus, emits light every now 
and then and with a not too irregular rhythm of about 55-100 
flashes per minute at 21.5° C. During the rest of the time the 
animal normally does not produce light. Thus the insect 
differs from bacteria and fungi, which luminesce continuously.' 
The reason for the rhythmic flashing of the firefly is a subject 
of considerable interest and is dealt with in the present paper. 


Since on macerating the abdomen, and thus exposing the photogenic 
cells directly to the air, or when the intact animal is placed in one 
atmosphere of pure oxygen, luminescence is continuous, it is clear that 
the regulation of the flashing rhythm is a result of regulation of the 
oxygen supply. 

Because destruction of the brain or severing of the nerve cord anterior 
to the photogenic organs causes an immediate cessation of light pro- 
duction (see also Peters 1841, Macaire 1822, Lund 1911, Williams 
1916-17) and because electrical stimulation of the ventral nerve cord 
affects flashing (Heinemann 1886, Perkins 1931, Snell 1931), the 
mechanism of oxygen regulation must be under nervous control— 
probably a result of spontaneous discharges from the brain. The 
presence of the brain is not necessary, however, if the ventral nerve cord 
is electrically stimulated (Snell, 1931). 

Lund (1911) showed that control is not exercised by a regulation of 
the blood-flow (as was believed by Dubois, 1886) or of the muscular 
respiratory mechanism (as was believed by Heinemann (1886) and 
Watasé (1895). He noted that no movements of the skeleton, observable 
with a binocular, are synchronous with flashing. 

It has been the general opinion in America, among those interested 
in the subject, that the nervous system exerts its control by acting on 
the tracheal end-cells, especially since Schultze (1864), Bongardt (19(3), 
and Geipel (1915) sometimes observed fibers in contact with these cells. 
The realization that even the ordinary hypodermal cells of arthropods are 
generally richly supplied with a network of multipolar nerve cells 
(Schleip 1914, cf. Hanstrém 1928, Tonner 1933) would tend to weaken 
any conclusions from the above evidence. Because the tracheal end-cell 
was sometimes stained darker than the tracheoles, Dahlgren (1917) 
suggested that there might be a contractile layer of cytoplasm around it. 


1The fishes which luminesce continuously have bacteria to luminesce for them. 
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He then stated that “the larger body of cytoplasm surrounding it some- 
times shows a radial structure that may point to a contractile power.” 
His figure which illustrates such a structure is, however, not convincing. 
As far as I know, no one else has observed any intracellular radial 
structure. Furthermore, even if we did rest upon the hypothesis of a 
contractile mechanism, it is incomprehensible how such a mechanism 
could produce a rapid obliteration of oxygen diffusion into the photo- 
genic cells since some gaseous oxygen would still be present in the prox- 
imal portions of the tracheoles and contraction of the end-cells would 
merely compress the gas farther into the tracheoles and deeper into the 
photogenic tissues. Other stumblingblocks in the tracheal end-cell 
theory are pointed out at the end of this paper. The tracheal end-cells 
are not exclusive to the photogenic organs but are present at the trache- 
oles of all insects (cf. Deegener 1928), and Bongardt (1903) has described 
tracheal end-cells in the light-organs of larvae of Phosphaenus hemip- 
terus; i. e., animals which display no brisk flashing rhythm. 

Cogent evidence that regulation of the oxygen supply is produced 
by a nervous activation of the photogenic cells themselves will be 
presented in this paper. Now, von Wielowieski (1882), Emery 
(1884-86), Watasé (1895), Bongardt (1903), and Townshend (1904) 
believed that the tracheoles entering the photogenic organs of 
Lampyridae ended intercellularly. Von Wielowieski (1889) later con- 
sidered that they end intracellularly. Williams’ (1916-17) illustrations 
indicate intracellular penetration. Lund’s (1911) observations bear out 
the latter viewpoint conclusively: ‘“The fact that they do penetrate into 
the cytoplasm is clearly shown by the fact that cross-sections of the 
tracheoles appear close to the nuclei of the large photogenic cells in the 
same focal plane. . .” For other literature concerning the intracellular 
penetration of tracheoles in tissues, in general cf. Wigglesworth (1931). 

Wigglesworth’s (1929, 1930, 1931, 1934) direct observations on the 
motion of air and liquid into the tracheoles during activity and rest of 
the corresponding tissues should be well known and will, in time, 
become classical. His observations on translucent insects show that the 
tracheoles do not collapse when the fluid leaves them. His conclusion 
with respect to the phenomenon is that, during activity, due to the 
elaboration of metabolites (e. g., lactic acid) of lower molecular weight 
than the precursors, the osmotic pressure in the tissue fluids is raised 
thus causing a withdrawal of liquid from the semipermeable tracheoles 
into the tissues. These observations, earlier considered to be a very 
likely interpretation of rhythmic flashing in insects (Maloeuf 1937), are 
shown, in this paper, to be evidently the only tenable explanation for 
flashing. 

In fixed preparations, at least, the tracheoles in the photogenic 
organs contain a liquid (Lund 1911), as has been established for the 
tracheoles of insects with a translucent integument during life (Wiggles- 
worth 1929 ff.). Since the tracheoles of both insects with a translucent 
integument and those with an opaque integument become filled with a 
fluid following death (cf. Wigglesworth 1931), there is no reason to 
doubt that identical physical conditions exist at the tracheoles of all 
insects during life. 
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The following experiments by the writer are strong evidence that 
light-production is the result of a rise in the osmotic pressure of the 
photogenic cells consequent to a rise in their metabolic activity as a 
result of nervous stimulation. The rise in osmotic pressure must draw 
air into the tracheoles and thus causes light-production. With the 
immediate oxidation and reconversion of the metabolites the osmotic 





Fig. 1. Diagram illustrating the mechanism of the control of flashing 
in the firefly. 


A. A spontaneous discharge from ganglion cell, g, in the brain, b, is transmitted to 
the motor cell, m, in terminal abdominal ganglion, a, and from thence, along 
the motor fiber, to photogenic cells, p. This excites these cells to activity, 
raising their osmotic pressure and thus withdrawing fluid from the tracheoles, ¢. 
This admits air, coming through the trachea, ¢r, into the interior of the cell. 
e is the end-cell found at the tracheoles of all insects. 

B. Condition during inactivity at which time the lactic acid is oxidised to water 
and carbon dioxid, thus lowering the osmotic pressure of the photogenic cells. 
This allows the passage of fluid, f, into the tracheoles by capillary pressure and 
thus keeps air from directly penetrating the cells. 


pressure of the cellular fluids must fall rapidly and, as a consequence, 
due to capillarity, the tracheoles will become filled with fluid once more 
and the photogenic cells will cease to produce light.? (Fig. 1). Because 


The oxygen that would gradually diffuse into the photogenic cells through 
the column of fluid in the tracheoles is probably only just adequate for maintenance 
of the cells and would hence be consumed too rapidly to allow for the minimal 
intracellular oxygen pressure necessary for appreciable luminescence. 
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of the inadequate transparency of the cuticle and the fact that the very 
narrow tracheoles to the photogenic cells (about lu in diameter) are too 
deep below the surface to be seen by high magnification even upon 
strong surface illumination, it was not possible to observe this motion 
directly in vivo. X-ray photography was tried with the aid of Dr. Hugo 
Fricke (C. S. H. B. L.), but it did not reveal the tracheoles. 


EXPERIMENTS 


a. Injection of a distinctly hypertonic solution (0.09 to 0.17 M 
NaCl, 0.7 to 1.54 M KC1'; or 1.7 to 3.4 M urea or glucose) into an ante- 
rior lateral region of the abdomen of the animal, during night or day, 
so as to distend the abdomen with the liquid, produces a continuous 
glow. The appearance of the glow follows soon after the injection, the 
latent period varying inversely with the concentration of the solution. 
The glow produced by the glucose or urea injections sometimes lasted 
over 12 hours. Controls (abdomens distended by injection with tap 
water or slightly hypotonic or approximately isotonic solutions, salinity 
= ca. 0.5 per cent.) were entirely negative. This shows that the sub- 
stances injected exerted no specific effects, as far as light-production is 
concerned, other than increasing the osmotic pressure of the body 
fluids (see also series d). A definitely hypotonic solution leads to death 
and cessation of light-production in the intact animal which had been 
flashing. 


b. When the brain of rhythmically glowing animals is destroyed 
glowing ceases instantaneously and will normally not reappear. A 
continuous glow can, however, be produced if the decerebrate animal is 
injected with any one of the above hypertonic solutions or when placed 
in an atmosphere of pure oxygen. Controls, as in }, yielded negative 
results. 


It may be contended that the cessation of glowing is due to a cessa- 
tion of respiratory movements as a result of decerebration. Glowing in 
pure oxygen may thus be due to simple diffusion of oxygen and tracheal- 
fluid movement may thus not be necessary. There are at least three 
phenomena which such a criticism ignores: (1) Control of flashing is not 
exercised by regulation of the respiratory rate (see above). (2) In no 
case, among insects, has destruction of the brain been found to result in 
an immediate cessation of the respiratory movements; in fact, an 
increase in the frequency and amplitude of such movements has been 
noted in several cases among decerebrate insects (cf. Babak 1921). 
3. In Dixippus (v. Buddenbrock & v. Rohr 1922) no specific respiratory 
movements ordinarily occur and yet this animal is no more handicapped, 
as to its Og consumption rate, by low oxygen pressures than are more 


3The negative effects of the approximately isotonic solution strongly indicate 
that the results are not due to stimulating nerves continually. This becomes more 
evident when it is realized that a hypertonic solution of glucose or urea can produce 
a continuous glow for several hours, enough to fatigue any nerve (see also the experi- 
ments in series c with reference to this matter). 

‘Unlike other smaller species, P. pennsylvanicus is not likely to glow when 
handled or when punctured with a needle, provided, of course, that the light organs 
are not injured. 
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active insects in which specific respiratory movements do occur (cf. 
Maloeuf 1937a). 

Pure O, at one atmosphere often does not produce a continuous glow 
during the daytime but does so during nightfall. In the latter case the 
photogenic cells, because of the high oxygen pressure, would receive 
enough oxygen to luminesce continuously in spite of the presumed 
absence of air in the tracheoles during the rhythmic absence of dis- 
charges from the brain. During the daytime it seems that the spiracles 
of the light-producing segments are closed and hence hinder the 
admittance of the pure oxygen to the photogenic organs. It has been 
known for some time that the longitudinal trunks leading from the 
other spiracles to the tracheae of the light-producing segments are quite 
rudimentary. In the elaterid, Pyrophorus (Heinemann, 1886), “the 
tracheal system of the abdominal light-organ is quite independent and 
opens at the first pair of abdominal spiracles; the slight communication 
with the tracheae of the abdomen can only be very insignificant.” 
More recently, Hess (1921) has written as follows with reference to the 
Lampyridae: ‘‘In the male fireflies of our most luminous species some of 
the longitudinal tracheal connectives in the segments containing the 
light-organs were not found connecting the tracheal trunks of these 
segments, but instead they were greatly branched supplying air directly 
to the light-organs.”’ 

c. Ether anaesthesia does not affect the continuous glow produced 
by injection of a hypertonic solution. In a normal animal it abolishes 
flashing initially (presumably due to an abolishment of brain discharges) 
but, upon longer anaesthesia, glowing becomes continuous for a time 
(presumably due to a rise in the osmotic pressure of the cellular fluids 
consequent to liberation of metabolites). The return of rhythmic 
flashing represents the first external sign of recovery. 

The initial abolishment of light-production by ether and the sec- 
ondary continuous glow when under anaesthesia also shows that the 
results in series a are not due to possible continual nervous stimulation 
by concentrated solutions (see also footnote 2). 


d. The discharges from the brain are probably spontaneous but are 
influenced by external conditions. Thus, ordinary artificial light inhibits 
glowing in the normal animal but not in an animal (normal or decer- 
ebrated) which is in an atmosphere of pure oxygen or which had been 
injected with a hypertonic solution. 

It is of interest to note that Snell (1911) found that under an O2 
pressure of 20 mm. of mercury, luminescence becomes continuous and 
that its intensity then varies with the O2 pressure. Similar observations 
were made by Kanda (1920). At a low Os pressure, due to partial 
asphyxiation, lactic acid would accumulate, raise the osmotic pressure 
of the cellular fluids and hence produce a continuous glow. These 
results are in perfect parallel with those above described. There seems 
to be nothing back of the tracheal end-cell theory and, in fact, the con- 
cept of a contractile tracheal end-cell is in direct antithesis to facts that 
we know. Thus, if contraction of the end-cells obliterates the oxygen 
supply why should anaesthesia of the normal animal initially abolish 
luminescence? We would expect, on the contrary, the contractile 
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mechanism to relax and thus admit oxygen. Also, why should stimula- 
tion of the ventral nerve cord of the decerebrate creature produce 
glowing (Snell’s experiment and see also above)? We would, on the 
contrary, expect the contractile mechanism to contract and thus impede 
the oxygen supply. Another evidently insurmountable obstacle to the 
end-cell theory has been mentioned earlier in this paper. 


SUMMARY 


The tracheal end-cell theory of the control of flashing in 
fireflies is shown to be untenable. 

Cogent evidence is presented to show that flashing is the 
result of a rise and fall in the osmotic pressure of the photogenic 
cells. This phenomenon is under spontaneous cerebral control 
in the normal animal but can be imitated by injection of 
hypertonic solutions or by partial asphyxiation, thus producing 
a continuous glow. 
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HEREDITY, by A. F. Snutt. Third Edition, xvii+442 pp., 168 text figures. 
1938. Published by McGraw-Hitt Book Co., Inc., 330 West 42nd St., 
New York, N. Y. Price $3.50. 

In a rapidly progressing science such as genetics the newness of a book is, in 
itself, a sufficient recommendation. Professor Shull has supplied such a book in 
his new edition of Heredity, which incorporates many recent developments along 
with carefully selected classical material. An almost complete rewriting of the 
former editions has been undertaken with the aim to make the exposition strictly 
systematic and logical throughout. The gene theory is introduced at the very 
beginning in connection with a detailed account of cellular processes. Its reasoned 
basis is left till later when the results of breeding experiments are described. 
This feature should appeal to the general biological reader who wishes to review 
the entire field of genetics. From the standpoint of the beginning student, how- 
ever, it may possibly detract somewhat from the readability of the book. 

The subject matter has been very carefully chosen and is supplemented with 
many helpful diagrams. Examples of human traits illustrating each type of 
hereditary transmission are mentioned in the separate chapters, while several 
additional chapters are devoted exclusively to human genetics. Included in these 
is an excellent summarization of facts relevant to human population problems and 
eugenics. The new edition is organized under the following chapter headings: 
I. Development of Knowledge of Genetics; II. Fundamental Structure of Organ- 
isms; III. Production of New Cells; IV. Origin of New Individuals; V. Develop- 
ment of New Individuals; VI. Mechanism of Heredity; VII. Simplest Phenomena 
of Heredity; VIII. Dominance; IX. Backcross and Testcross; X. Sex-linkage; 
XI. Multiple Alleles; XII. Lethal Genetic Characters; XIII. Two or More Inde- 
pendent Pairs of Genes; XIV. Interactions of Genes; XV. Modified F, Ratios; 
XVI. Modification by Environment; XVII. Chance and Heredity; XVIII. Linkage; 
XIX. Proof That Genes are in Chromosomes; XX. Non-Mendelian Inheritance; 
XXI. Determination and Development of Sex; XXII. Heredity and Evolution; 
XXIII. Inheritance of Human Structural Characters; XXIV. Human Heredity: 
Physiological Characters; XXV. Inheritance of Mental Characters; XXVI. Prac- 
tical Applications of Heredity; XXVII. Eugenics; XXVIII. The Population 
Problem; XXIX. Race Problems. XXX. Immigration. To these are added an 
Appendix, dealing with the statistical treatment of quantitative characters, an 
extensive list of Questions and Problems, and a list of Literature Cited.—C. W. C. 








OBSERVATIONS ON THE EGG AND LARVAL STAGES OF 
TROGODERMA INCLUSUM LEC. (DERMESTIDAE) 


O. W. ROSEWALL 


Louisiana State University 


The dermestid Trogoderma inclusum according to records is 
perhaps prevalent throughout the United States, but in limited 
numbers wherever found. The literature is meagre, the most 
definite discussion being that of Beyer’s (1922). 


The author has been keeping colonies of 7. inclusum in 
succeeding generations for a period of over fifteen years. All 
of the colonies are the progeny of a single female which was 
found in a small jar of corn meal. Also during this time a few 
specimens have been found feeding on dried insect specimens, 
and in two instances the larvae were found feeding in old 
preying-mantis egg cases which had been deposited on the under- 
side of fence post braces in the field. 


In the laboratory the larvae were at first fed upon ordinary 
white corn meal, but later yellow corn-meal was used. They 
seemed to thrive better on the yellow corn-meal, which did 
not often become infested with mold. Even so, in the care of 
the larvae the corn-meal must be inspected from time to time 
in order to note the presence of mold. The mold masses the 
corn-meal into a lump, and the larvae soon die, perhaps due to 
their bodies being infested with the mold. The dead larvae 
have a bloated appearance. 


The adults begin emerging from pupae about the middle of March. 
Though one or two males appear first in the feeding jar, the females out- 
humber them until the latter part of the emerging period. The males 
mate several times but soon die after female begins depositing eggs. 

A typical life history where larvae have plenty of food and are not 
disturbed by other larvae will be timed like this example: 

Eggs deposited May 8, 1919. 

Eggs hatched May 18, 1919. 

Nine (9) molted skins June 10, 1920. 
Pupated June 20, 1920. 


The number of molts during the larval stage is never definite because 
larvae hatching from eggs deposited by the same female may vary a 
great deal. 
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In an experiment the pupa of a female and an adult male were placed 
in a 4x % inch test tube plugged with a cotton stopper. The tube 
was then inverted so that the male and the female pupa would be resting 
on the cotton. The male remains upon the pupa or near it until the 
female emerges. Copulation takes place soon after emergence. This 
method insures the collection of all eggs the female deposits because 
she places them in the cotton stopper. The eggs are removed from the 
cotton to the cell of a drop-culture slide by simply holding the cotton 
stopper over the cell and loosening the cotton fibers with a needle. The 
eggs seldom adhere to the cotton fibers. The cell is covered with a 22 mm. 
cover-slip held in place with a little vaseline. 


The egg is white, elongate-oval, surface rough, irregular filaments 
at one end and the average length is .62+ mm. It is very delicate in 
structure; the slightest pressure will smash it, so care must be taken 
in moving them even with a camel’s-hair brush. The average number of 
eggs deposited per female varied with the year and the time of year: 


Nos. per female Average 
Year Months varied per female 
1921. April to May 
1923. May to June 35-152 28.8 
1929. March 21 to 31 25-12 2 
1930. April to May 5 
aii vib cdi cnn dendncdaevans 18-123 


Frequently the first mass of eggs contained the greatest number 
deposited by a female at one time. 


The incubation period varied as follows: 
Average incubation 
Year Eggs deposited period 
1921. 
1923. 
1930. 
eh dane sev asinsncmstanedaeneee eS 10+ days 


The temperature of the room is fairly constant and at no time 
during the months mentioned is the room heated. 


The larva, upon emerging from the egg, begins at once to wander 
about in search of food. In a container without food this wandering 
may continue for several days. 


At this time-the larva has caudal bristles which are longer than the 
entire length of the body. They are few in number, usually twenty. 
The entire body, including head, is sparsely covered by setae-like 
bristles which are barbed as in Fig. 1. The caudal bristles are also of 
this same structure. 

On the 6th, 7th and 8th segments are found some peculiar shaped 
bristles as shown in Fig. 2. The 6th segment has only three of these 
bristles on each side, while the other two segments have a dense patch 
of them on each side. So far as known these bristles function only in 
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aiding the larva in making its way through the food material; whereas, 
all the bristles covering the body of the larva keep the food material 
from coming in direct contact with the body. 

After the first molt it is interesting to note that the bristles as shown 
in Fig. 2 increase in numbers and density with each molt. This causes 
the larva to change from a light yellowish color to a dark brown. 

In the mature larva, the last five visible segments appear to be 
padded because the dark hairs are so dense. All the other segments are 
also darker due to the increase of these hairs. 

In an experiment nine larvae emerging from eggs in 1932 were kept 
separately in cotton-stoppered test tubes, each of which contained a 
small amount of corn-meal. These were examined on April 12, 1933, and 
the number of molts averaged six. At this time fresh corn meal was 
added. They were again examined on April 25, and the molts averaged 
two. Then on July 31, they again were examined and the average num- 
ber of molts was 2.55. At this time one of the larvae was dead, having 





Fig. 1. Type of bristle that covers entire body of larva of Trogoderma inclusum. 


Fig. 2. Type of bristle that occurs in certain spots on abdomen of larva 
of Trogoderma inclusum. 


molted three times. A little corn-meal was again added to the test tubes. 
These larvae were now allowed to remain without inspection until 
October 17, 1935, at which time all the corn-meal had been eaten, and 
the larvae were dead. The average number of molts was 12. In this 
experiment one larva molted 32 times; no doubt these larvae would have 
molted many more times if they had been kept alive by adding a small 
amount of corn-meal from time to time. 

One of the interesting results of the molting larvae is that the surface 
of the corn-meal becomes covered with molted skins, which form a web 
or mat held together by the dark brown hairs. Later this mat becomes 
reticulate due to the larvae moving about through it along definite 
channels. The larvae have never been noted to feed on their cast off 
skins even though starving. 


From observations over a long period of time it is worth 
while to note that T. inclusum affords another interesting life 
history study for advanced classroom work in entomology. 
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This dermestid should be valuable to the instructor because of 
the comparative ease with which it is reared, the length of time 
to complete the life cycle, and the technique employed in 
securing the exact number of eggs deposited by the female. 
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PUBLICATIONS BY O. A. JOHANNSEN, Ithaca, N. Y. 


This is six pages of mimeograph. It is a bibliography of Professor Johannsen’s 
books and articles and is by the author himself. Knowing Professor Johannsen’s 
work it should be a complete and correct bibliography. 

By the list, Johannsen’s entomological interest began in 1903 on aquatic 
Diptera in the Adirondack Mountains. It soon settled on the Chironomidae, 
Mycetophilidae and related families. This avocational interest soon drew him 
from a career as professor in engineering at Cornell, to a professorship in ento- 
mology at the University of Maine; after four years at Orono he returned to Cornell 
(1912) to a life work in entomology. 

We are not writing a biographical sketch although in our teaching we have 
enjoyed pointing out the high quality of Professor Johannsen’s ideals in science. 
We have ‘‘noticed”’ this list to call the attention of members to the great usefulness 
of such lists. We remember one such published by the author as a printed work, 
“Blatchleyiana,’’ 1930. It impressed us with its usefulness. Such a list as the 
latter costs money. 

Mimeograph printing can be obtained at every large educational center and 
is inexpensive. We wish more entomologists would send complete, authentic 
lists of their publications when they mail out reprints. To the specialist complete 
lists of the writings of other specialists are of great use and are eagerly collected. 
Why do we not react more often to this eagerness and send such lists ourselves? 

The writer has had the experience of spending days in the library and in 
correspondence trying to get up complete lists of the publications of certain well 
known entomologists. It is extremely difficult to pick up the titles of subjects 
off the usual line of the author’s interest—and all active minds have collateral 
interests. 

For a number of years the writer has sent such mimeographed lists with 
reprints. We happen to know that the men in our own specialty wish such lists to 
help them in checking their working libraries. It saves precious time. 

Some scientists feel that such a list might be interpreted as an expression of 
vanity in the sense that could be expected in critical gossip. Pleasure in one’s 
own productions makes the world of science and of art possible. It is poor judg- 
ment to criticise any useful product of art or science on this ground. Thus it is 
highly probable that vanity in the sense of pleasure in one’s work and in its adver- 
tisement is a very important factor in our daily work, whether such is in science 
or is merely a job of washing dishes in the kitchen on the housekeeper’s night off. 

Immediately associated with the mailing of such lists is a system which the 
present writer remembers as having been learned from Professor P. P. Calvert. 
It is a system which saves confusion in mailing reprints. By it each published 
item has its serial number. A card index of all correspondents is kept and on 
each card a record of reprints is kept by jotting down the number of each. 

We wish to thank Professor Johannsen for the opportunity to express our 
feelings in this matter.—C. H. K. 





SOME REMARKS ON PREY-SELECTION BY 
SOLITARY WASPS 


Puit Rau 
Kirkwood, Mo. 


There are many amazing aspects in the hunting and provision- 
ing habits of solitary wasps, but probably none more so than the 
fact that while the mothers themselves are nectar-feeding, 
they procure, each according to her species, a special kind 
of prey for their young. So specialized have certain hunting- 
wasps become that not only do they use but one kind of prey 
such as spiders by the Pompilid wasps, or caterpillars by the 
Eumenid wasps—but some species have ventured so far as to 
hunt only one sex of a species, as recorded for the wasp A phi- 
lanthrops frigidus, which provisions its nest only with queen 
ants of the genus Formica. 

What impels a solitary nectar-feeding mother (unaided by 
tradition, since she has never come in contact with parents; 
unaided by imitation, since, as a solitary creature, she has had 
no occasion to associate with contemporaries) to sally forth, 
when only a day or two out of the ground, in search of bugs or 
spiders, orthoptera or caterpillars, as the case may be for the 
species which she represents. 

How can this behavior be accounted for? Both scientists 
and laymen have often wondered about an explanation for this 
highly specialized behavior, but they have progressed no 
further than to dismiss the phenomenon with the ill-defined 
word, ‘‘instinct.’’ This word, since it is usually without 
special definition, can mean any one of a number of things; 
therefore, man has continued to gaze at the wasp in wonder, 
permitting explanations to remain as they are. 

The late Dr. Wm Morton Wheeler, likewise intrigued, 
but with more courage than many of us, bravely threw himself 
into the problem with an eye to its solution.! Dr. Wheeler 
first criticised naturalists generally for what he deemed their 
error in separately treating the two phases of wasp behavior— 
that of the adult as one phase, and that of the immature creature 
as another. To use his own words, ‘‘ We have all along in our 
accounts treated the life history of the insect as that of two 





1Social Life among the Insects, pp. 57-59. 1923. 
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individuals, in such a manner as to obscure or to obliterate 
the experience of the individual. We begin with the full-fledged 
insect, descending from the blue, and then describe her behavior 
as if it were a pure inheritance of improvisation. But when we 
describe her activities as those of a single individual from the 
beginning of her development to death, we find that the adult 
female, before she begins to make and provision her nest, has 
probably learned something from her long and intimate larval 
contact with environment. For months she has inhabited a 
chamber like the one she will excavate for her own progeny; for 
days she has been devouring a particular species of caterpillar, 
and she has even dug a sufficient distance through the soil to 
be familiar with its properties. She possesses, therefore, a 
certain amount of acquaintance with soil and caterpillars. 
That this should persist as memory is not only possible but 
extremely probable when we consider that the central nervous 
system of the larva passes without profound change into that 
of the adult wasp, and the latter shows unmistakable evidence 
of possessing a remarkable memory when she makes such 
locality studies as have been described and returns to her nest 
or prey after an absence of several hours or even days. We are 
also enabled to understand why the wasp confines her attention 
to a particular species, or even to one sex of a species, while 
searching for her prey, and why the malaxation or the mutilation 
of the prey may be regarded as a reminiscent act of feeding. 
In brief, all those activities of the adult wasp which are partly 
or wholly interpretable as a repetition of larval behavior, may 
be attributed to memory—not in the sense of recollection, 
with its feeling of ‘pastness,’ but of mere sensory and motor 
memory, the memoria sensitiva of scholastic writers, or the 
‘associative memory’ of comparative psychologists.’ Then, 
by way of illustrating his point, Dr. Wheeler asks the reader 
to stop for a moment and ‘‘vespize the human being” by 
supposing that the ‘‘human mother were in the habit of carefully 
tieing her new-born babe to the armpit of a paralyzed elephant, 
which she has locked in a huge cellar."” The baby girl, armless, 
legless, and blind, has been born with powerful jaws and teeth, 
and an insatiable appetite. She fed on the elephant day after 
day till only its tough hide and hard skeleton were left; then 
she took an unusually long nap and awoke as a magnificent, 
winged, strong-limbed amazon, with a marvellously keen sense 
of smell and superb eyes, clad in burnished armor with a 
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poisoned lance in her hand. She would at once break through 
the soil and into the daylight. ‘‘Now suppose she happened 
to emerge, with a great and natural appetite, in a zoological 
garden—should we be astonished to see her make straight 
for the elephant house? Why, she would recognize the faintest 
odor of elephant borne to her on the breeze. She would herself 
be, in a sense, merely a metabolized elephant. Of course we 
should be startled to see her leap on the elephant’s back, plunge 
her long lance into its armpit, drag it several miles over the 
ground, hide it in a cellar, and tie her offspring to its hide.”’ 

Dr. Wheeler’s theory appears, on a cursory examination, 
somewhat satisfying; but upon analysis, it develops that it 
does not have its basis in observation and scientific experi- 
mentation. His most cogent argument is, probably, the fact 
that there is little change in the nervous system of the larva 
as it passes into an adult wasp, and that the nervous system 
may render permanent for the adult, by the vehicle of ‘‘motor 
memory,’’ any of the experiences she may have had as a larva. 
There may be, in the literature of the solitary wasps, cases 
which give evidence that in certain species, the mother wasps 
are influenced in their selection of prey by the conditions of 
their own nurture during babyhood; but on the other hand, there 
can be found evidence which tends to show that the mother, 
even though in her infancy she has had her blood and muscles, 
her body-wall and gullet thoroughly saturated with one kind 
of insect food, often gathers in later life a different kind of flesh 
for her young than that which she herself was reared upon. 

Without delving too deeply into the philosophical aspects 
of the subject, and without wandering very far into the liter- 
ature of prey-selection by solitary wasps, there are a few 
deductions that I wish to make, and a few bits of evidence 
that I wish to supply, which I think will necessitate the seeking 
elsewhere for an explanation of prey-selection behavior in 
these insects: 

1. I think the statement “that the reason we are enabled to under- 
stand why the wasp confines her attention to a particular species while 
searching for her prey, is that the malaxation or mutilation of the prey 
may be regarded as a reminiscent act of feeding” is somewhat far- 
fetched; even should the wasp feel reminiscent while malaxating the 
prey, I am sure this feeling would not tell us what brings her to it in 
the first place, or by what means she was influenced in its selection. 
When she is in the “reminiscent stage”’ and has her quarry in hand, it is 


far too late to adduce reasons for its selection, or to explain how she is 
drawn to it. 
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2. If the flesh-pots of youth are so potent an influence in the lives of 
the adults, it should, as a consequence, be inferred that the latter would 
not go the flowers for their own food, but would persist in feeding on the 
same flesh upon which they were nourished in youth; even as do certain 
of their Terebrant ancestors today. 

3. If the influence of animal food on the young is sufficiently great 
to affect the behavior of the adult, why is it that the mature males are 
not impelled to feed on flesh. The males, as is well known, go to the 
flowers only, even though they have fed on flesh as larvae. 


4. Even if both sexes of adult solitary wasps actually did turn to 
the insect for food, it would not help Dr. Wheeler’s explanation, for 
this habit might be an ancestral trait carried over from the time when 
wasps were not wasps as we know them today, but were numbered 
among the lower forms of flesh-loving Hymenoptera; for we have, at 
present, certain adult flower-loving wasps (the Pompilids) that show 
this vestigial trait (inherited from the Terebrants) by occasionally drink- 
ing the blood of spiders after they have stabbed them with the sting. 


5. When Dr. Wheeler implies that the food habits of early life influ- 
ence the hunting behavior of the adult, it seems to me that he is putting 
the cart before the horse. To me it is the adult that decides what her 
offspring should eat, and not the larval offspring that influences the mother 
to hunt one or another species of prey. At least this much is certain, that 
in the first instance, in the history of a species, the “decision” rested 
with the adult wasps, and not with the young. Later, it might have 
been a ‘“‘give and take” process, the earlier phase of development 
influencing the later one and vice versa, but, if so, it must have been a 
very flexible one with plenty of leeway for the adults to choose, select, 
reject, or substitute the prey from time to time, as the environment, the 
food supply, or what-not dictated. The external changes were big 
factors in her evolution, and she has had to change her moods and behavior 
with the changing world. If she had not been able to meet new condi- 
tions from time to time, (an important one being new food conditions) 
she would not have scaled almost to the top of Hymenopteron evolution. 

It seems tome, therefore, that is highly erroneous to attribute the selec- 
tion of prey by the mother wasp to the influence exerted (through the med- 
ium of “motor memory’’) by the meat which she ate in her infancy. The 
prey-selection is, in my opinion, regulated both in the individual’s history 
and in the history of her race, not by the larva deep down in its dark burrow, 
but by the big-eyed, big-brained mother, flying freely in the sunshine 
where she senses all that is going on in the environment, rising brilliantly 
or falling stupidly as she accepts or rejects what her little world has 
to offer. 

6. If it is true, like child—so mother, if each mother is influenced in 
an iron-clad way to get the same kind of flesh for her young as that upon 
which she herself has fed, then there would have been no change and no 
evolution. If each mother is so hide-bound by habit, that she can feed 
her young on no other food than that dictated by “motor memory,” 
she would, in time of famine, be unable to provide for her young. That 
wasps have changed their food habits in the course of their evolution is 
pretty well brought out by Dr. Wheeler himself (Sci. Mo. 15: 68-69. 
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1922.) when he says, referring to the evolution of Hymenoptera, that 
the structure and behavior of Sphecoids and Vespoids show that they 
must have arisen from what has been called Parasitic Hymenoptera, 
and the structure of ants and bees show that they must have arisen 
from primitive Sphecoids and Vespoids. There could have been no such 
evolution as Dr. Wheeler mentions without correlated changes in food 
habits; this is best brought out in the following paragraphs. 


7. Under our very eyes today, evolutionary changes are occurring 
among the Hymenoptera, and certain bees are evolving gradually in 
habit and structure from certain wasps. This is brought out clearly in 
certain species of wasps that are entirely bee-like in their provisioning 
behavior, for they provide their young not with insect-food, as is the 
rule, but with bee-bread, made up of pollen and nectar. The behavior 
of two such species, Pseudomasaris edwardsii and P. vespoides, are 
interestingly described by Mr. C. H. Hicks.? The family to which these 
wasps belong are hunters of insects;’ but having, at one time or another, 
fed on insects does not prevent certain species from making so drastic a 
dietary change as that from blood and meat to one of pollen and nectar. 


8. A pertinent example of a change in prey-selection by wasps is 
given by Dr. Wheeler himself in the case of a Bembix wasp, members of 
which, to quote the author, “always provision their burrows with 
Diptera.’”’ Here, however, he and Mr. Richard Dow observed a flourish- 
ing colony of Bembix stocking their nests with blue damsel-flies 
(Australestes annulosus). “There could be no doubt that all the wasps 
of the colony were storing only damsel-flies as food for the larvae. 
Indeed these insects seemed to be the only available prey at the time. 
Diptera were extremely rare on the shores of the lake, probably because 
they were being constantly devoured by the damsel and dragon flies, 
which were hawking about in great numbers. . . It would seem, 
therefore, that in this locality, the Bembix, being unable to secure their 
customary prey, had shifted their predatism to the very insects which 
were responsible for the dearth of Diptera.’” 

This shows again that wasps are not so rigidly influenced by 
“motor memory” as to permit the species to die off when the food 
upon which they were brought up becomes scarce; by the use of intel- 
ligence (adaptive behavior) they meet and conquer new conditions. 


9. There is another species of solitary wasp whose behavior militates 
against Dr. Wheeler’s explanation. It is known as Microbembix mono- 
dontia, the larvae of which are fed on fresh, on newly-dead, and on ancient 
dried insects; any tid-bit that the lazy mother can haphazardly pick up 
from the ground. A good proportion of her harvest is just plain rubbish, 
some of which it is impossible for the larva to bite into, much less to 
serve as a nourishing item of food. Parker, Hartman, and I have 
observed the provisioning habits of this wasp in various parts of the 


2Canada Ent. 61: 121-125. 1929. 
8Williams (Pan-Pacific Ent. 4: 38) finds a Masarid wasp storing its cells with 
curculionid beetles. 


4Wheeler, W. M., and Dow, R. Unusual Prey of Bembix. Psyche. 40: 57-59. 
1933. 
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country; I prefer, however, to quote Dr. Carl Hartman,’ so that the 
reader may know the choice of insects that this wasp gathers for its 
young. ‘‘Microbembix monodontia, which feeds her larvae from day to 
day, is unique among the solitary wasps in the variety of insects with 
which it feeds its larval offspring. Microbembix will take home for 
provisioning its nest, the insects that it already finds dead, or it will 
capture the living prey. On account of this great variety of food, I 
shall give a detailed list of the articles of food captured by these wasps.”’ 
(1) Slender caterpillars, 114 inches long; (2) Leg of a grasshopper; 
observed being taken on several occasions, on one occasion the wasp 
made several attempts to purloin it from an ant that was carrying it, 

) Twelve small queen ants; dead for some time, (4) Large red ant; 
the ant seemed dead, but the wasp flew with it to a bush and attempted 
to sting it, (5) Flies of various species, particularly Syrphids, (6) Bugs 
belonging to five or six — and varying from two to twelve mm. 
long, (7) Small tree hoppers, (8) Polistes rubrigenosis, so dry that it 
broke apart while Microbembix was carrying it, (9) Fresh grasshopper, 
which was thrown on nesting ground; (10) Dry Syrphid, which was 
thrown on nesting ground, (11) Dry yellow Mutillid, broken in two, 
and the halves carried separately, (12) Old Orthopterous pupal-case 
with dead dried pupa inside.® 

This wasp is a sort of scavenger; it gathers items for her young that 
could not possibly serve as food. I doubt if the mother herself ever 
fed on these impossible bits, and in all probability the young found them 
likewise impossible as food. This, then, is a case that militates against 
the theory that the wasp selects the food that she herself fed upon, 
because here we see her stocking her larder with items that she could not 
possibly have eaten as an infant. 

10. Another bit of evidence that has a bearing on this problem is a 
paper on the “Biology of the British Crabronidae.’” This work gives 
the details of the prey-selection behavior in one family of wasps. On 
pp. 299-300, there is an interesting summary of the prey of thirty-nine 
species of European Crabronidae. When the prey of these thirty-nine 
species are classified we find that twenty-three of them or nearly 60%, 
are hunters of dipterous insects only; nine species have gotten partly 
away from Diptera, and place in their cells, together with Diptera, 
certain other species of insects, such as Lepidoptera, Trichoptera, 
Hemiptera, etc.; and lastly there are seven species, that have entirely 
abandoned the hunting of dipterous insects, and stock their cells com- 
pletely with other insects; in their exploration for new food products for 
their young, two of these seven have hit upon and are solely using ants; 
two species are using Lepidoptera; one species gathers Parasitic Hymen- 
optera; one species hunts Hemiptera; one species stocks Ephemeridae. 


5Observations on the Habits of some Solitary Wasps of Texas. No. 65. Bull. 
University Tex. 1905. 

6Of the last two items, Hartman says, ‘‘Of all things carried into the nest, these 
last two are the toughest. The Mutillid must have been a most indigestible morsel, 
for the skeleton is so tough that in the fresh state it is very hard to drive a pin 
through it’’. 

7Hamm, A. H., and Richards,O.W. Trans. Ent. Soc. London, Dec. 21, 1926. 
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Here it seems to me that we have in this family a good example for 
either the ascendancy of the dipterous hunting habits when eventually 
all of this group may become fly-hunters, or of its decline, if you 
prefer, with prospects in store for the family of becoming entirely 
anti-dipterous; you have, too, in these thirty-nine examples, certain 
cases which show transition stages in which seven species use other 
prey together with diptera. My thesis is not, however, to show 
the evolutionary steps by which prey-selection has occurred; that 
information crops out, as a matter of course, in an analysis which reveals 
for one family of wasps, at least, that the alimentary habits of the young 
do not influence the hunting habits of the adult. 


11. It is unfortunate that this problem cannot be brought to an 
experimental test, work which might show that feeding the infant with 
new and unusual prey would or would not influence her behavior when, 
having grown into full womanhood, she becomes herself interested in 
supplying food for her young. Such experiments with highly active 
and sun-loving organisms are well-nigh impossible, but we still have 
two items of research that will shed some light on this subject. The 
first is to search the records and find instances where wasp larvae are 
experimentally induced to eat unusual prey. One such record comes 
readily to mind, as when Fabre successfully served caterpillar-eating 
larvae of the hairy Ammophila wasp with adult black crickets which 
were accepted and eaten as willingly as they did their natural game.® 
The other item is to pay some attention to the experiments that have 
been carried on in inducing change of food-habits, in the vegetable- 
feeding insects other than wasps. Imms,° Bouvier ' and I"! have reviewed 
much of this work, which shows in many experiments that not only 
have the insects thrived on new food materials for generation after genera- 
tion, but in some cases the new food habit has become so fixed in heredity 
that it was impossible to bring them back, after a number of genera- 
tions, to the original food plant. “It is reasonable, therefore,” says 
Imms, ‘to conclude that similar behavior may occur in a state of Nature, 
particularly if the normal food plant be lacking.” If one may be per- 
mitted to clear the point by reasoning by analogy, we may suggest that 
the same biological and psychological factors influence the prey-selection 
of the meat-eaters as we have noted above for the plant-eaters. The 
underlying influences are biologically the same in both cases, and food 
habits change when environmental conditions change or when the 
whims of the insects require it. 


CONCLUSION 


Wasps, in their long sweep of evolution from primitive 
hymenopterous ancestry, have undoubtedly changed their own 
food habits as well as their prey-selection habits, not once but 


8Report Smith. Institute, p. 595. 1916. 

*Imms. Recent Advances in Entomology. 1931. 

Bouvier. Psychic Life of Insects. 1922. 

“Rau. Jungle Bees and Wasps of Barro Colorado Island. 1933. 





392 Annals Entomological Society of America {Vol. XXXI, 


many times, even as they themselves have changed in bodily 
structure and morphological adaptation. To assume that 
wasps cling slavishly to such influences as may be termed 
‘species memory”’ or ‘‘motor-memory,”’ is to imply that they 
have insufficient mental ability to adapt themselves to new or 
unusual environmental conditions. This we know is not the 
case in other aspects of their behavior such as hunting, stinging, 
and transportation of prey, as well as in their nest-building 
activities, and I feel that I have submitted sufficient evidence 
to show the same elasticity for that portion of their behavior 
known as prey-selection. 

How then may we best explain the phenomenon of prey- 
specialization in these wasps? It seems that this behavior can 
best be explained as an act of instinct; by this I do not mean 
the blind, hide-bound, restricted instinct of the older school of 
writers, but an instinct that is tempered with much plasticity, 
an instinct capable of change when necessity demands; an 
instinct, moreover, which may more or less readily obliterate 
itself in favor of newer instincts when they arise from time 
time, as the environmental conditions are met by an intelligent 
out-reaching of the organism. 


DER KORNKAFER (CALANDRA GRANARIA L.) BIOLOGIE UND BEKAMPFUNG, by 
K. TH. ANDERSEN. Pages 1-108, 36 text figures and 1 plate, 634 x 10, paper. 
1938. Published by PAut ParREy, Berlin. Price R. M. 4.875. 

This is number 13 of the series of monographs in applied entomology published 
in connection with the Zeitschrift fur angewandte Entomologie. As it is called a 
monograph on the granary weevil, one would expect an exhaustive treatment of 
the world’s scientific literature on this cosmopolitan pest. On the contrary the 
information presented is derived chiefly from the German literature with some 
attention to the English literature. Contributions in other languages are not 
cited. No reference is made to American literature after 1924. Consequently 
U. S. D. A. Bull. 1393, 1926, on the granary weevil by Back and Cotton is not 
mentioned and many other important English contributions have been neglected. 
Der Kornkafer is therefore a review of what the Germans themselves have learned 
about the granary weevil. 

As the author has been engaged in investigations on the biology of the granary 
weevil, the biological part of his review is more interesting and significant for the 
specialist than the part on control. The author is often able to compare his 
own biological results with those of others. The section on control has the char- 
acteristics of an elementary text on control of stored product insects and a farmer’s 
bulletin. The various methods and materials that may be used in different 
situations are described and discussed but few results are given, except in graphical 
form to illustrate general principles of fumigation. These graphs are taken from 
the monograph by G. Peters recently reviewed in the ANNALS. Methyl bromide 
is not mentioned.—F. L. C. 





STUDIES ON THE CRANE-FLIES OF MEXICO 
PART V! 


(Order Diptera, Superfamily Tipuloidea) 


CHARLES P. ALEXANDER 
Amherst, Massachusetts 


The present report is based entirely on some extensive series 
of Tipulidae collected in the State of Chiapas by Dr. Alfons M. 
Dampf, chiefly in 1935. Dr. Dampf writes as follows concerning 
this very rich collection: ‘‘The material is the result of a two 
months collecting in the virgin forests of the Sierra Madre during 
the year 1935. I arrived at the coffee plantation Vergel with the 
first rains of the wet season and had the opportunity to witness 
the sudden change of the fauna after the dry time. The country 
is characterized by deep woodland valleys, sometimes in the 
form of gorges and by mountain ranges covered with remark- 
able virgin forest. The collections afford a good opportunity 
to study the distribution of the species according to altitude.” 

Certain of the Mexican Fauna (M. F.) numbers of Dr. 
Dampf used in the present report are summarized herewith. 

Finca Vergel: Situated on the right steep slope of the Valley 
of the Huixtla River, in coffee plantations that have changed 
the virgin forest, making it much more clear. The vegetation is 
very rich and varied. Besides a permanent brook, there are in 
the rainy season many small rivulets. Altitude 800 meters. 
Many numbers from M. F. 4123 (May 11) to 4744 (July 2). 
Additional collections were made at stations higher up the slope, 
altitude 1000 meters, overlooking the woodclad slopes of the 
Huixtla Valley; M. F. 4191, and still higher on the crest of the 
watershed between Rio Huixtla and Rio Despoblado, altitude 
1200 meters; M. F. 4192. 

Finca Victoria: The region is much more virgin than Vergel, 
full of brooks, rivulets, barrancas and the like—a paradise for 
the entomologist. Altitude about 900 meters. M. F. Nos. 4342, 
4693, 4694, 4709, 4710. 

Finca Aurora: Trap light covering a valley with brooks and 
rocks, dense vegetation. Altitude 200 meters. M. F. 4552. 


1Contribution from the Department of Entomology, Massachusetts State 
College. 


The preceding part under this general title appeared in these Annals (Vol. 2}, 
101-119, 1928). 
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Finca Germania: Trap lamp, on veranda overlooking valleys, 
rocks and many brooks. Altitude 1190 meters. M. F. 4571. 

The great majority of all the specimens secured were taken 
at trap lights set in a variety of locations throughout the region. 
In the present paper a portion of the tribe Eriopterini is con- 
sidered. Through the continued friendly interest of Dr. Dampf, 
I have been permitted to retain the types in my collection but 
duplicates and paratypes of many of the species have been 
returned to Dr. Dampf for the Government Collection. As 
before, I express my very deepest thanks to the collector for 
the privilege of examining this remarkable series of Mexican 
Tipulidae. 


Gonomyia Meigen 


Gonomyia (Progonomyia) atroapicata sp. n. 


General coloration yellow; mesonotal praescutum and scutum 
conspicuously patterned with polished black; antennae black, the scape 
and pedicel yellow; femora yellow, the tips conspicuously black; wings 
with a weak brownish yellow tinge, the stigma slightly indicated; Sc 
long; petiole of cell R; long, nearly three times vein R; alone; cell 2nd M 
subequal to its petiole; abdominal tergites bicolored, the basal half 
darkened; male hypopygium with basistyle unarmed at apex; inner 
dististyle a flattened blade. 

Male. Length about 4 mm.; wing, 4.6 mm. 

Rostrum and palpi brown. Antennae with scape and pedicel light 
yellow, flagellum black; flagellar segments long-oval, the verticils 
exceeding the segments in length. Head light yellow. 

Pronotum and pretergites sulphur-yellow. Mesonotal praescutum 
obscure yellow, conspicuously patterned with three polished black areas, 
including two oval lateral markings and a similar one on antero-median 
portion of sclerite; remainder of median praescutal stripe much paler; 
scutal lobes polished black, the median area pale; scutellum blackened, 
the posterior border yellow, parascutella yellow; mediotergite chiefly 
brownish black, the antero-lateral portions broadly yellow. Pleura 
chiefly yellow. Halteres yellow. Legs with the coxae and trochanters 
yellow; femora yellow, the tips conspicuously and abruptly black, the 
amount subequal on all legs; tibiae yellow, the tips narrowly dark 
brown; tarsi brownish yellow, the terminal two segments darker. 
Wings with a weak brownish yellow tinge, the small stigma slightly 
indicated, pale brown; veins brown, the prearcular area and veins C 
and Sc yellow. Venation: Sc long, Sc; ending about opposite four-fifths 
the length of Rs, Sc, some distance from its tip, about opposite two- 
fifths the length of RS; petiole of cell R; long, nearly three times vein R; 
alone; cell 2nd Mz subequal to its petiole; m-cu at fork of M. 

Abdominal tergites bicolored, dark brown, the caudal half of the 
segments yellow; sternites more uniformly yellow; hypopygium yellow. 
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Male hypopygium with the basistyle not produced into an apical spine, 
as in bifasciolata. Outer dististyle a pale, long-rectangular blade, the 
apex truncate. Inner dististyle a broadly flattened blade, the outer 
angle produced into a curved spine, the inner angle into a blunt lobe 
having a microscopically serrulated margin, the two angles separated 
by a rounded notch. 


Holotype, #, Huixtla, Chiapas, altitude 30 meters, Novem- 
ber 21, 1930 (A. M. Dampf); M. F. 1944. 

Gonomyia (Progonomyia) atroapicata is most generally sim- 
ilar to G. (P.) bifasciolata Alexander (Cuba; southern Mexico to 
Panama), both species having the same peculiar pattern of the 
mesonotum. The present fly is readily told by the blackened 
femoral tips, unbanded wings, long petiole of cell R; and, 
especially, the structure of the male hypopygium. The dis- 
tinctions between the three allied subgenera of Gonomyia— 
Progonomyia Alexander, Ellipteroides Becker and Protogonomyta 
Alexander—have been given in a separate paper by the writer 
(Philippine Jour. Sci. 62: 177-178; 1937). 


Gonomyia (Euptilostena) dampfiana sp.n. 


General coloration gray, the praescutum with four brown stripes; 
basal flagellar segments bicolored; femora yellow, the tips brownish 
black; wings grayish subhyaline, patterned with brown; outer radial 
cells infumed, enclosing pale marginal droplets; Sc, ending opposite 
midlength of Rs, Sc, before origin of latter; supernumerary crossvein 
in cell R, at near three-fourths the length of cell; m-cu more than twice 
its length before fork of M. 

Male. Length about 6 mm.; wing, 6 mm. 

Female. Length about 7 mm.; wing, 6 mm. 

Rostrum and palpi black. Antennae with scape and pedicel dark; 
basal flagellar segments bicolored, dark basally, the distal ends yellow; 
outer flagellar segments uniformly darkened; flagellar segments long- 
oval to fusiform. Head above gray, narrowly darkened medially; sides 
of posterior vertex weakly infumed. 

Pronotum gray, lined on sides with yellow. Mesonotal praescutum 
light gray, with four narrow brown stripes, the intermediate pair nar- 
rowed before the level of the transverse black pseudosutural foveae, 
wider behind; scutum gray, the median line narrowly darkened, each 
scutal lobe with two brown areas; scutellum and mediotergite brown, 
with a narrow paler median vitta. Pleura gray, with three very narrow 
black longitudinal stripes, the most dorsal crossing the anepisternum, 
the most ventral on the sternopleurite and beneath the halteres. Hal- 
teres with stem yellow, knob black. Legs with the coxae pale, narrowly 
darkened at base, most evidently so on fore legs; trochanters brownish 
yellow; femora yellow, the tips rather broadly brownish black, the 
amount subequal on all legs; tibiae yellow, the tips very narrowly 
darkened; tarsi black, the proximal portion of basitarsi paler. Wings 
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grayish subhyaline, the prearcular and costal portions more luteous; a 
conspicuous brown pattern, arranged as follows: Spots at arculus; 
origin of Rs and Sc; Sc;; forks of Rs and M,42; supernumerary crossvein 
in cell Ry; m-cu; stigma dark brown; paler brown washes in outer ends 
of cells R, to 2nd R,, inclusive, these enclosing pale marginal droplets; 
veins pale in the luteous areas, darker outwardly. Venation: Sc, ending 
opposite midlength of Rs, Sc. a short distance before origin of Rs; 
petiole of cell R; long, a little shorter than Rs; distance on costa between 
veins Rj,. and R; a little exceeding the length of the latter vein; super- 
numerary crossvein in cell R, at near three-fourths the length of cell; 
m-cu more than twice its length before fork of M. 

Abdomen dark brown, the caudal borders of the intermediate seg- 
ments very narrowly pale; hypopygium dark. Male hypopygium with 
the ventral lobe of basistyle produced caudad into a long slender fleshy 
appendage. Both dististyles from the base of this lobe, the outer with a 
long slender stem, at apex unequally bifid; inner dististyle subequal in 
length, a simple, flattened, yellow blade, the distal third narrowed into 
a slender black spine. Cerci darkened basally, the outer ends paler. 


Holotype, 2, Vergel, Chiapas, altitude 800 meters, at light, 
June 12, 1935 (A. M. Dampf); M. F. 4524. Allotype, @, Finca 
Germania, altitude 1190 meters, June 20, 1935 (A. M. Dampf); 
M. F. 4571. 

Gonomyia (Euptilostena) dampfiana is named in honor of the 
collector, Dr. Alfons M. Dampf, to whom I am greatly indebted 
for many appreciated favors in the past. The present fly 
requires no comparison with any described species since the 
three known members of the subgenus are all restricted to the 
Palaearctic and Oriental Regions. The discovery of Euptilostena 
in the New World is thus of considerable interest. The struc- 
ture of the male hypopygium is more generalized than that of 
species of the subgenus Jdiocera Dale (Ptilostena Bergroth) and 
somewhat curiously resembles that of certain Australian species 
of the genus Molophilus belonging to the ruficollis subgroup of 
the gracilis group. 


Gonomyia (Lipophleps) aequidens sp. n. 


Belongs to the cinerea group; wings with cell Mz open; male hypo- 
pygium with the outer dististyle present, appearing as a slender pale 
spine; middle dististyle darkened, the surface squamose, near base 
bearing a lobe that forks into two approximately equal blackened 
spines; inner dististyle fleshy, pale. 

Male. Length about 3.5-4 mm.; wing, 4-4.5 mm. 

Female. Length about 5.5 mm.; wing, 6 mm. 

Rostrum and palpi black. Antennae with scape and pedicel yellow 
above, dark beneath; flagellum yellow. Head pale yellow, the center of 
vertex darkened. 
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Pronotum yellow, narrowly darkened medially; lateral pretergites 
pale yellow. Mesonotal praescutum gray, with four slightly darker 
brownish gray stripes; pseudosutural foveae pale brown; scutal lobes 
dark brown, the median area paler gray, with a narrow dark median vitta; 
scutellum dark basally, obscure yellow on margin; mediotergite brown, 
pruinose. Pleura narrowly lined longitudinally with brown and silvery, 
including further a broader yellowish white ventral stripe extending 
from the fore coxae to base of abdomen; sternopleurite gray, bordered 
dorsally by brown. Halteres with stem pale yellow, knob dark brown. 
Legs with fore coxae dark, variegated with white; remaining coxae and 
trochanters yellow; fore femora black; mid-femora yellow, the tips 
(about distal fifth) black; posterior femora yellow, with a scarcely 
indicated, narrow, brown, subterminal ring; tibiae snowy-white, the 
narrow bases and slightly wider tips of fore and mid-tibiae blackened, 
the posterior pair with the ends still more narrowly infumed; tarsi 
black. Wings with a gray tinge, the costal border white, more extensive 
in the radial field before and beyond the oval, pale brown stigma; veins 
brown. Venation: Sc; ending a distance before origin of the short Rs 
greater than the length of the latter; m-cu close to fork of M; cell M2 
open. 

Abdominal tergites dark brown, the caudal borders of the segments 
narrowly pale; hypopygium yellow. Male hypopygium with the outer 
dististyle a slender pale spine, shorter than the middle dististyle. Middle 
dististyle complex, the outer portion dark, sinuous, the outer surface 
with microscopic spinous points to produce a squamose appearance; 
beyond midlength with a small darkened lobe; near base with a con- 
spicuous lobe that forks at apex into two nearly equal black spines, one 
subglabrous, the other with microscopic appressed spines. Inner disti- 
style an entirely pale fleshy lobe. 


Holotype, #, Vergel, Chiapas, altitude 800 meters, May 11, 
1935 (A. M. Dampf); M. F. 4126. Allotopotype, 9°, Paratopo- 
type, vo; paratypes, 7, Vergel, altitude 1000 meters, May 
19, 1935; M. F. 4205. 

Gonomyia (Lipophleps) equidens is very distinct from the 
other members of the group in the structure of the male hypo- 
pygium. In the unarmed inner dististyle and retention of the 
outer dististyle, it is closest to G. (L.) helophila Alexander but 
the middle dististyle is entirely different. 


Gonomyia (Lipophleps) haploides sp. n. 


Belongs to the manca group; rostrum obscure yellow; antennae 
black throughout; pleura heavily striped, black, with a broad silvery 
band; knobs of halteres obscure yellow; Sc; ending some distance before 
origin of Rs; male hypopygium with the dististyle simple, fleshy; 
phallosome with no spinous points other than the slender straight 
aedeagus. 

Male. Length about 3.4-3.6 mm.; wing, 4-4.2 mm. 
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Rostrum obscure yellow; palpi black. Antennae black throughout; 
basal segment enlarged; verticils very long. Head gray; center of vertex 
a little darkened; eyes large. 

Pronotum above bright yellow, darker on sides; pretergites similarly 
yellow. Mesonotal praescutum dark brownish gray; pseudosutural 
foveae black; scutal lobes brownish gray, the median area clear light 
yellow; scutellum broadly obscure yellow, the central portion at base 
darkened, parascutella dark; mediotergite dark, the lateral portions 
obscure yellow; pleurotergite chiefly obscure yellow, bordered beneath 
by black. Pleura heavily striped, black, with a broad silvery band 
extending from behind the fore coxae to base of abdomen; dorsopleural 
region restrictedly obscure yellow. Halteres dusky, the knobs obscure 
yellow. Legs with coxae and trochanters medium brown; remainder of 
legs black. Wings broad, with a brownish tinge; stigma scarcely dif- 
ferentiated; veins brown. Venation: Sc short, Sc; ending a distance 
before origin of Rs nearly equal to length of latter; branches of Rs 
strongly divergent; m-cu close to fork of M. 

Abdomen dark brown, the lateral and posterior borders of the seg- 
ments narrowly paler; hypopygium brownish yellow. Male hypopygium 
with the dististyle simple, fleshy, unarmed except for two fasciculate 
setae at apex. Phallosome consisting of a quadrate basal structure, the 
aedeagus produced from this point to beyond the level of the styli; 
broad at base, at near midlength abruptly narrowed into a straight 
slender point, the apex further narrowed into a hair-like spine. 


Holotype, #@, Finca Victoria, Chiapas, altitude 900 meters, 
June 29, 1935 (A. M. Dampf); M. F. 4709. Paratopotypes, 7 9, 
June 28-29, 1935; M. F. 4693 A, 4710; paratypes, 7 o&, Vergel, 
altitude 800 meters, May 13, 1935, M. F. 4153; May 19, 1935, 
M. F. 4205; June 1, 1935, M. F. 4384. 

Gonomyia (Lipophleps) haploides is most nearly allied to 
G. (L.) haploa Alexander (Mexico), from which it differs 
especially in the heavily striped thoracic pleura and in the 
structure of the male hypopygium, notably of the phallosome 
which has no spinous points other than the slender aedeagus. 


Gonomyia (Gonomyia) triaculeata sp. n. 


Belongs to the subcinerea group; general coloration of mesonotum 
dark brown, the pleura pale; rostrum obscure yellow; antennae brownish 
black throughout; legs black; Sc; ending about opposite origin of Rs, 
the latter subequal to Re4344; m-cu about two-thirds its length beyond 
the fork of M; male hypopygium with the aedeagus bearing three long 
powerful spines, two near base, one subapical. 

Male. Length about 3 mm.; wing, 3.6 mm. 

Rostrum obscure yellow; palpi brownish black. Antennae brownish 
black throughout. Head dark gray. 

Mesonotum dark brown, the median region of scutum restrictedly 
paler; posterior sclerites of notum hidden by the mounting medium. 
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Pleura testaceous yellow, unmarked. Halteres dusky. Legs with the 
coxae and trochanters yellow; remainder of legs black. Wings sub- 
hyaline; stigma faintly darkened; veins dark brown. Costal fringe rel- 
atively long and conspicuous. Venation: Sc; ending opposite origin of 
Rs, Sc at its tip; Rs subequal to Re43,4 and shorter than R, alone; vein 
R; oblique; m-cu about two-thirds its length beyond the fork of M. 

Abdomen dark brown; hypopygium paler. Male hypopygium with 
the outer lobe of basistyle of moderate length, extending caudad about 
to level of outer dististyle. Outer dististyle a simple, strongly curved 
hook, the tip acute. Inner dististyle broad, the outer margin with an 
acute appressed black spine, the apex of style with two fasciculate setae. 
Aedeagus with unusual armature, consisting of three powerful spines, 
additional to the shorter curved apical one; most basal spine slender, 
gently curved, about one-third the length of aedeagus, directed laterad; 
second spine arising close to first, directed caudad, long and slender, 
only a little shorter than the aedeagus itself; third spine subapical, 
directed cephalad, about two-thirds the length of aedeagus, the tip 
blackened. 


Holotype, #, Finca Victoria, Chiapas, altitude 900 meters, 
June 29, 1935 (A. M. Dampf); M. F. 4710 A. 

Gonomyia (Gonomyia) triaculeata is readily told from all 
described species of the genus by the structure of the male 
hypopygium, especially of the aedeagus. 


Gonomyia (Gonomyia) microserrata n. sp. 


Belongs to the subcinerea group; mesonotum dark brownish gray, 
scutellum conspicuously yellow; rostrum and antennae black; pleura 
slightly variegated with brown and yellow; halteres darkened; legs 
black; wings with a faint brown tinge; Sc, ending opposite origin of Rs, 
the latter about two-thirds as long as Ro4344; m-cu more than one-half 
its length beyond fork of M; male hypopygium with the aedeagus long, 
near apex bearing a blackened double crest of microscopic retrorse 
spinules; apophyses symmetrical, each bearing a long appressed spine 
on mesal edge near base. 

Male. Length about 5-5.2 mm.; wing, 5.7-6 mm. 

Female. Length about 6 mm.; wing, 6 mm. 

Rostrum and palpi black. Antennae black throughout. Head dark 
gray. 

Pronotum yellowish brown; anterior lateral pretergites yellow. 
Mesonotal praescutum and scutum almost uniformly dark brownish 
gray, the humeral region not brightened; pseudosutural foveae black; 
scutellum yellow, restrictedly darkened at base, parascutella dark; 
mediotergite dark, more or less pruinose, the cephalic lateral portions 
yellow. Pleura slightly variegated brown and yellow, the pleurotergite 
chiefly pale. Halteres darkened, the base of stem pale. Legs with the 
coxae and trochanters yellowish testaceous; remainder of legs black. 
Wings with a faint brown tinge, the diffuse stigma darker; veins dark 
brown. Costal fringe short. Venation: Sc; ending opposite origin of 
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Rs, Sco near its tip; Rs relatively short, about two-thirds Ro43,4, the 
latter subequal to or somewhat shorter than R,; alone; m-cu more than 
one-half its length beyond the fork of M. 

Abdominal tergites dark brown, sternites obscure brownish yellow; 
hypopygium yellow, conspicuous. Male hypopygium with the outer 
lobe of basistyle pale, shorter than the dististyle, at outer apical angle 
produced into a short spinuous point; lobe clothed with long coarse 
setae. Dististyle with two long fasciculate setae, near apex further pro- 
duced into a powerful blackened curved spine, this latter at bend with a 
single strong seta. Phallosome complex, the long aedeagus expanded 
near outer end and provided with a blackened flange that bears a 
double crest of microscopic retrorse spinules; apophyses symmetrical, 
subtending the aedeagus, each consisting of a pale blade that is expanded 
and twisted at apex, on mesal edge near base bearing a long slender 
appressed pale spine that is only a little shorter than the apophysis 
itself, the slender tip acute and blackened. 


Holotype, o&, Finca Germania, Chiapas, altitude 1190 
meters, June 20, 1935 (A. M. Dampf); M. F. 4571. Allotopo- 
type, 9. Paratopotypes,12 #7 Q@. 

This large species is readily told from all approximately 
similar regional forms by the very distinct hypopygial charac- 
ters, especially of the phallosome. 


Gonomyia (Gonomyia) quaesita sp. n. 


Belongs to the subcinerea group; general coloration of notum brown, 
the praescutum darker medially; pleura testaceous-yellow, unmarked; 
knobs of halteres dusky; legs and antennae black; wings subhyaline; Sc 
short, Rs about three-fifths the length of Re43,4, m-cu more than one-half 
its length beyond the fork of M; male hypopygium with three dististyles, 
the outer produced into a long recurved spine, on outer margin near 
base with a slightly smaller similar appressed spine; phallosome con- 
sisting of paired straight apophyses, each terminating in a strong spine. 

Male. Length about 3.5 mm.; wing, 4 mm. 

Female. Length about 4-4.5 mm.; wing, 4.5-5 mm. 

Rostrum testaceous yellow; palpi brownish black. Antennae black 
throughout; flagellar segments oval, more elongate in female; in male, 
with long conspicuous verticils. Head brown. 

Pronotum pale brown; pretergites yellow. Mesonotal praescutum 
brown, the median area still darker, the lateral margins paling to 
yellow; pseudosutural foveae reddish; scutum darkened; scutellum 
dark, the posterior margin yellowish; mediotergite dark. Pleura, 
including pleurotergite, uniformly pale testaceous yellow, unmarked. 
Halteres pale, the knobs dusky. Legs with the coxae and trochanters 
testaceous yellow; remainder of legs black. Wings subhyaline, the 
stigma a little darker, diffuse; veins and trichia dark brown. Venation: 
Sc short, Sc; ending a distance before origin of Rs equal to from one- 
third to one-half the length of the latter; Rs short, nearly straight, about 
three-fifths the length of Rei3.4; cell R; small, vein R; short, straight, 
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oblique; distance on margin between veins R142 and R; about twice the 
length of latter; basal section of R; reduced; m-cu more than one-half 
its length beyond fork of M. 

Abdomen dark brown; hypopygium reddish yellow. Male hypo- 
pygium with three dististyles; outer style blackened, produced into a 
long straight recurved spine, on outer margin near base with a slightly 
smaller similar appressed spine; intermediate style blackened, at apex 
produced into two subequal, slightly divergent spines, the base of style 
with two long setae; inner style pale, fleshy, simple, at apex with two 
pale fasciculate setae. Phallosome consisting of two darkened apophyses, 
each a simple rod that terminates in an acute spine, the surface of rod 
with numerous delicate setulae; central portion of phallosome elongate, 
pale, extending caudad beyond the general level of the apophyses. 


Holotype, #, Vergel, Chiapas, altitude 800 meters, May 30, 
1935 (A. M. Dampf); M. F. 4351. Allotopotype, 92, with type. 
Paratopotypes,2 i &%,1 9, May 11, 1935; M. F. 4123. 

Gonomyia (Gonomyia) quaesita is entirely distinct from all 
other regional species of the subgenus, the chief distinctions 
lying in the venation and in the structure of the male hypo- 


pygium. 


Gonomyia (Gonomyia) subremota sp. n. 


Belongs to the subcinerea group; general coloration dark brown and 
yellow; rostrum black; scape and pedicel of antennae yellow, flagellum 
black; head, including eyes, enlarged in male; dorsopleural region con- 
spicuously yellow; wings with a weak gray tinge; Sc short, Roysi4 
arcuated, cell 1st Mz closed, m-cu at or very close to fork of M; abdominal 
tergites dark brown, the posterior lateral angles of segments pale 
yellow; hypopygium yellow; male hypopygium with the outer dististyle 
bearing an erect spine on outer margin beyond midlength; intermediate 
style a slender glabrous blade; phallosome bearing three powerful 
blackened spines, the basal pair symmetrical, strongly curved. 

Male. Length about 4.5 mm.; wing, 5 mm. 

Female. Length about 5 mm.; wing, 5 mm. 

Rostrum and palpi black. Antennae with scape and pedicel clear 
light yellow above, a trifle darker on ventral portion; flagellum black. 
Head light yellow, the central portion of vertex with a brown area; head 
of male large, including eyes; vertex wide. 

Pronotum light yellow above, darkened on sides; lateral pretergites 
and dorsopleural membrane, together with lateral borders of praescu- 
tum, broadly sulphur-yellow, conspicuous, the color continued caudad 
across the mediotergite; disk of praescutum and the scutal lobes dark 
brown, sparsely pruinose; pseudosutural foveae black; median area of 
scutum paler, darkened behind; scutellum dark; mediotergite weakly 
darkened at base and more strongly so on posterior border, the central 
portion conspicuously yellow, as above described. Pleura yellow, with 
two narrow brown stripes, the more dorsal extending from the cervical 
region across the dorsal sclerites, crossing the pleurotergite and including 





402 Annals Entomological Society of America [Vol. XXXI, 


the posterior border of the mediotergite; ventral stripe still narrower, 
occupying the sternopleurite. Halteres dark brown. Legs with the 
coxae yellow, the bases of posterior pair weakly darkened; trochanters 
yellow; remainder of legs black. Wings with a weak gray tinge; stigma 
oval, pale brown; veins dark. Costal fringe short. Venation: Sc short, 
Sc; ending a distance before origin of Rs about equal to one-third the 
length of the latter, Sco close to its tip in both sexes; Rs long, at least 
one-half longer than the arcuated Ro4344; basal section of R; short but 
evident; cell 1s¢ Mz closed; m-cu at or very close to fork of M. 

Abdominal tergites dark brown, the posterior lateral angles of the 
segments pale yellow; sternites pale brownish yellow medially, clearer 
yellow on sides; hypopygium yellow. Male hypopygium with the lobe 
of basistyle small and pale. Outer dististyle a little longer than the 
others, weakly clavate, the apex terminating in a tiny obtuse point, 
the style at near two-thirds the length bearing a long acute erect spine. 
Two inner styles subequal in length, the intermediate a slender glabrous 
blade from a dilated base, bearing a strong seta on outer margin at near 
midlength; innermost style a little longer than the last and nearly as 
long as the outer style, moderately slender, narrowed to the cultriform 
apex, before which are borne the usual two long pale fasciculate setae, 
with other coarse normal setae scattered along the face of style. Phallo- 
some bearing three powerful blackened spines, the basal pair approx- 
imately equal in size and conformation, very strongly curved; apical 
spine much smaller but arising from an expanded pale base so that the 
total length is subequal to either of the basal spines. 


Holotype, &, Vergel, Chiapas, altitude 1200 meters, May 16, 
1935 (A. M. Dampf); M. F. 4192. Allotopotype, °. 

Gonomyia (Gonomyia) subremota is most nearly allied to 
G. (G.) remota Alexander (Mexico, Salvador), differing espe- 
cially in the structure of the male hypopygium, notably of the 
dististyles. 


Gonomyia (Gonomyia) multispicata sp. n. 


Belongs to the subcinerea group; general coloration of mesonotum 
brownish gray; pleura striped longitudinally with whitish yellow and 
brownish black; legs black; wings grayish, the small oval stigma darker; 
Sc short, Rey:44 strongly arcuated, cell 1st M2 closed, m-cu before fork 
of M; male hypopygium with three simple dististyles, all apical in 
position; phallosome bearing three black spines, the terminal one 
smaller. 

Male. Length about 4 mm.; wing, 4.4 mm. 

Rostrum and palpi black. Antennae with scape and pedicel yellow, 
flagellum black. Head yellow, the central portion restrictedly darkened. 

Pronotum obscure yellow above, darkened on sides. Mesonotal 
praescutum brownish gray; scutal lobes darkened, the median area 
obscure yellow; scutellum reddish brown; mediotergite yellow, darkened 
posteriorly. Pleura whitish yellow, striped longitudinally with brown- 
ish black, including a more dorsal stripe across the anepisternum and 
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central pteropleurite and a ventral line on sternopleurite. Legs with 
coxae reddish; trochanters testaceous brown; remainder of legs black. 
Wings with a grayish tinge, the small oval stigma darker; veins dark 
brown. Venation: Sc short, Sc; ending a distance before origin about 
equal to one-half the length of Rs, Sco at extreme tip of Sci; Reisi4 
strongly arcuated; cell 1st Mz closed; m-cu a short distance before fork 
of M. 

Abdomen with tergites dark brown, variegated with paler; sternites 
and hypopygium pale. Male hypopygium with apical prolongation of 
basistyle short and stout. Three apical dististyles, all simple and sub- 
equal in length, not very different from one another in conformation; 
outer style terminating in an acute spine, widest at near midlength, the 
surface with abundant setae; middle style narrow, especially on distal 
portion, with a single strong seta on face at near midlength; inner style 
a relatively broad plate, the outer apical angle produced into a stout 
flattened spinous point, the surface with several coarse setae; before 
apex with two pale fasciculate setae. Phallosome with three blackened 
spines, including two strongly curved ones near base and a smaller and 
more slender apical spine from an expanded base. 


Holotype, #, Vergel, Chiapas, altitude 725 meters, May 21, 
1935 (A. M. Dampf); M. F. 4259. 

The nearest ally of the present fly is the closely related 
Gonomyia (Gonomyia) subremota sp. n., which, while similar in 
general appearance, differs conspicuously in the structure of the 
male hypopygium, especially the dististyles. 


Gonomyia (Gonomyia) expansa sp. n. 


Belongs to the subcinerea group; general coloration dark brown and 
yellow, the pleura with two narrow brown stripes; rostrum black; 
antennae with scape and pedicel yellow, flagellum black; wings sub- 
hyaline, stigma pale brown; vague pale brown washes on cord, outer 
end of cell 1st Mz and in bases of cells Cu and 1st A; Sc short; cell 1st Me 
closed; m-cu shortly before fork of M; male hypopygium with the outer 
dististyle a pale blade, expanded at near midlength and here produced 
into a darkened marginal tubercle. 

Male. Length about 4.3-4.5 mm.; wing, 4.8-5 mm. 

Female. Length about 5 mm.; wing, 5 mm. 

Rostrum and palpi black. Antennae with scape and pedicel yellow, 
flagellum black; antennae (male) relatively long and slender, if bent 
backwards extending to beyond wing-root; flagellar segments elongate- 
oval to subcylindrical, with moderately long verticils. Head yellow, the 
central portion of vertex marked with dark brown. 

Pronotum yellow and brown; lateral pretergites light yellow. Meso- 
notal praescutum and scutal lobes dark brownish gray, the central 
region of scutum a little paler; lateral border of praescutum restrictedly 
yellow; a yellow spot on posterior portion of each scutal lobe; scutellum 
obscure brown; mediotergite testaceous yellow, the posterior portion 
darkened, being a continuation of the dorsal dark pleural stripe. Pleura 
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yellow, with two narrow dark brown stripes, the more dorsal extending 
from above the fore coxae to the mediotergite, as described; ventral 
stripe occupying the ventral sternopleurite and meron. Halteres brown- 
ish black. Legs with the coxae and trochanters yellow, the posterior 
coxae narrowly darkened at bases; remainder of legs black. Wings 
subhyaline; stigma oval, pale brown; vague pale brown clouds on cord, 
outer end of cell 1st Me, and as a wash in bases of cells Cu and Ist A; 
veins dark brown. Costal fringe short. Venation: Sc short, Sc; ending a 
distance before origin of Rs about equal to two-thirds the length of the 
latter, Sco at its extreme tip in male, some distance removed from tip in 
female; Roi344 nearly as long as Rs, moderately arcuated; r-m at or 
close to fork of Rs, basal section of R; thus obliterated; cell 1st M2 
closed; m-cu shortly before fork of M. 

Abdominal tergites dark brown, the caudal-lateral angles of the 
individual segments light yellow; sternites more uniformly yellow; 
hypopygium yellow. Male hypopygium with the lobe of basistyle pale, 
moderately elongate. Outer dististyle an elongate pale blade, at near 
midlength slightly expanded and at margin at this point produced into 
a low darkened tubercle. Intermediate style a slender, gently curved 
pale blade, parallel-sided, the tip obtusely rounded; shortly before apex 
with a powerful seta. Inner dististyle nearly as long as the intermediate, 
with two fasciculate setae at apex, additional to normal setae. Phallo- 
some conspicuous, consisting chiefly of a strongly sinuous slender black- 
ened rod or spine, the tip acute, superimposed over the pale aedeagus. 


Holotype, #, Finca Lubeca, Chiapas, altitude 850 meters, 
June 21, 1935 (A. M. Dampf); M. F. 4582. Allotype, 9, Vergel, 
altitude 800 meters, June 10, 1935; M. F. 4502. Paratype, 3, 
Finca Germania, altitude 1190 meters, June 24, 1935; M. F. 4571. 

The structure of the outer dististyle of the male hypopygium 
is much as in Gonomyia (Gonomyia) tuberculata Alexander (Mex- 
ico), which has cell M, of the wings open and with the other 
dististyles quite differently constructed. 


Rhabdomastix Skuse 


Rhabdomastix (Rhabdomastix) mexicana sp. n. 


General coloration of notum opaque light gray, the praescutum with 
four brown stripes; antennae with basal segments yellow, the outer ones 
darker; pseudosutural foveae black; knobs of halteres dark brown; 
wings with a weak brown tinge, stigma darker; R23,, shorter than the 
straight R,; vein R; oblique, about equal in length to the distance on 
costa between the tips of veins Riz. and R3. 

Female. Length about 7.5 mm.; wing, 6.3 mm. 

Rostrum pale; palpi black. Antennae with the scape obscure yellow; 
pedicel and basal two or three flagellar segments pale yellow; outer 
flagellar segments passing into brown; basal segment of flagellum 
nearly as long as segments two and three combined. Head brownish 
gray, the front yellow. 
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Pronotum brownish gray, variegated with yellow; pretergites light 
yellow on lateral portions. Mesonotal praescutum opaque light gray, 
with four brown stripes, the intermediate pair confluent in front; pseu- 
dosutural foveae subcircular in outline, black; posterior sclerites of 
notum brownish gray, the scutal lobes darker. Pleura brown, very 
sparsely pruinose. Halteres with stem pale yellow, knob dark brown. 
Legs with the coxae and trochanters pale yellow, the fore coxae a trifle 
darker; remainder of legs broken. Wings with a weak brown tinge, the 
oval stigma darker brown; indications of a very weak darkened cloud on 
cord; veins brown. Macrotrichia of veins beyond cord very sparse, 
there being about five or six on distal fourth of each of veins R; and 
Mi42. Venation: Sc long, Sc; ending about opposite four-fifths the 
length of Rs; Re4344 shorter than the straight Ry; R; oblique, about equal 
in length to the distance on costa between the tips of veins Ri42 and R3; 
cell 1st Mz small, the second section of vein M142 only about one-fourth 
as long as the outer section. 

Abdomen dark brown, the caudal borders of the segments narrowly 
light gray. 


Holotype, 2, Vergel, Chiapas, altitude 800 meters, June 3, 
1935 (A. M. Dampf); M. F. 4417. 

The nearest described relative of the present fly is Rhab- 
domastix (Rhabdomastix) isabella Alexander, likewise from 
Chiapas. It is readily told by the diagnostic features listed, 
especially the opaque gray coloration of the body, and in the 
details of venation, especially of the radial field. 


Rhabdomastix (Rhabdomastix) longiterebrata sp. n. 


Female. Length about 8 mm.; wing, 6.5 mm. 

Closely related to R. (R.) mexicana sp. n., differing especially in 
the venation and structure of the ovipositor. 

Head broken. General coloration of thorax much as in mexicana. 
legs almost uniformly yellowish brown, the outer tarsal segments some- 
what darker. Wings more grayish; stigma darker brown, clearly delim- 
ited. Macrotrichia of veins more numerous, involving almost the 
entire length of distal section of R; and outer ends of distal sections of 
both Mi,2 and M3. Venation: Sc short, Sc; ending opposite three-fifths 
the length of Rs; R3; nearly perpendicular, short, the distance on costa 
between veins Rj42 and R; nearly twice its length; R,; arcuated, subequal 
to Reisi4; cell Rs at margin only a little more than one-half that of 
cell Ry; in mexicana, cell R; is approximately two-thirds as extensive as 
R;; cell 1st Mz small, relatively short and broad, the distal section of 
M42 nearly four times the second section. 

Ovipositor with the cerci unusually long and very slender, more 
than one-third longer than the corresponding condition in mexicana. 


Holotype, 9, Vergel, Chiapas, above a waterfall in a damp 
valley, altitude 800 meters, June 1, 1935 (A. M. Dampf); 
M. F. 4384. 
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Erioptera Meigen 


Erioptera (Erioptera) laetipleura sp. n. 


Mesonotal praescutum brown, the cephalic third and humeral region 
light yellow; dorsal pleura and pronotum with a conspicuous black 
stripe, ventrad of which is a slightly wider white stripe; knobs of halteres 
more or less darkened; femora pale, with dark vestiture, including flat- 
tened scales as well as setae; terminal tarsal segments yellowish; wings 
with a strong dark brown tinge; vein 2nd A moderately sinuous; male 
hypopygium with two slender dististyles. 

Male. Length about 2.8 mm.; wing, 3.2 mm. 

Female. Length about 3-4 mm.; wing, 3.5-4.4 mm. 

Rostrum and palpi brown. Antennae brownish black throughout; 
flagellar segments oval. Head with central portion of vertex dark 
brown, the front and orbits pale. 

Pronotum black, the color continued longitudinally and obliquely 
across the dorsal pleurites as a broad stripe, passing beneath the halteres, 
reaching the abdomen. Mesonotal praescutum with the cephalic third 
and the humeral margin light yellow, the remainder of praescutum 
brown, the usual interspaces narrowly darker brown, the median stripe 
feebly indicated on the yellow anterior portion of the sclerite but 
becoming obsolete behind at near midlength of the sclerite; posterior 
sclerites of notum more uniformly dark brown. Pleura with a dorsal 
black stripe, as above described; ventrad of this, a slightly wider white 
stripe extending from the cervical region to above the hind legs; ventral 
pleurites brownish black. Halteres with stem light yellow, knob more or 
less infuscated, least so in allotype male. Legs with the fore coxae pale, 
remaining coxae dark brown; trochanters yellow; legs chiefly dark, the 
color produced by abundant setae and elongate flattened scales; extreme 
tip of femur whitened, preceded by a vague subterminal darkening; tip 
of tibia and the tarsi passing into more yellowish. Wings with a strong 
dark brown tinge, the veins and macrotrichia dark. Venation: Vein 
2nd A moderately sinuous. 

Abdomen brownish black, with conspicuous erect setae. Male 
hypopygium with two slender dististyles, the outer one terminating in 
an acute decurved spine, with a smaller similar spine on outer margin 
close to apex. Inner style simple, a little expanded on outer third. 
before apex on lower margin with a small fleshy lobule. Ovipositor with 
the cerci reddish horn colored, strongly upcurved. 


Holotype, 9, Vergel, Chiapas, altitude 800 meters, June 3, 
1935 (A. M. Dampf); M. F. 4416. Allotype, #, Santa Isabel, 
Chiapas, altitude 800 meters, November 16, 1930; M. F. 1880. 
Paratypes, 1 2 with allotype; 1 broken individual, apparently 
9, Finca Germania, altitude 1190 meters, June 20, 1935; 
M. F. 4571 A. 

Erioptera (Erioptera) letipleura is very different from all 
species of the subgenus hitherto made known. The presence of 
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scales on the legs had not been described in the subgenus 
Erioptera but had been detected in Empeda and in the allied 
genus Gymnastes Brunetti. 


Erioptera (Mesocyphona) fuscodiscalis sp. n. 


Femora with a single dark subterminal ring; wings brownish yellow; 
anterior cord with a conspic.ous dark brown blotch; male hypopygium 
with two slender dististyles, the outer one stouter, at apex with numerous 
coarse setae; gonapophyses appearing as slender black spines. 

Male. Length about 3 mm.; wing, 3.4-3.5 mm. 

Female. Length about 3.5 mm.; wing, 4 mm. 

Rostrum and palpi black. Antennae black throughout; flagellar 
verticils long. Head brown, the anterior vertex light gray. 

Pronotum pale medially, dark brown sublaterally. Mesonotal 
praescutum with three pale yellowish brown stripes, clearly delimited 
by dark brown interspaces and dark lateral margins; scutum pale yel- 
lowish brown, each lobe bordered externally and internally by slightly 
darker brown lines; scutellum pale; mediotergite variegated with 
obscure yellow and brown. Pleura conspicuously striped with dark 
brown and silvery, the latter color including a stripe above the mid- 
coxae, expanded behind; a broad ventral band on the mesal region. 
Halteres yellow, knobs dark brown. Legs with the fore coxae darkened, 
remaining coxae and all trochanters yellow; femora yellow, with a 
brown subterminal ring; tibiae and tarsi yellow. Wings with a brownish 
yellow tinge, darkest before cord and in outer radial field; prearcular 
and costal regions, as well as a blotch near cord, clearer yellow; a con- 
spicuous dark brown discal area on anterior cord; veins pale, darker in 
the clouded areas. Venation: Cell 2nd My, open by atrophy of basal 
section of M3, as in subgenus. 

Abdomen, including hypopygium, brown; pleural membrane still 
darker. Male hypopygium with both dististyles apical, slender; outer 
style with a stout stem, at apex a little expanded and bearing a dense 
brush of coarse setae, with additional longer, more delicate bristles inter- 
mixed; inner dististyle fused with the outer on about the basal fourth, 
slightly shorter than the outer, pale; stem slender, at apex weakly 
expanded into an oval head. Gonapophyses appearing as slender black 
spines. 


Holotype, &, Finca Germania, Chiapas, altitude 1190 
meters, June 20, 1935 (A. M. Dampf); M. F. 4571. Allotopotype, 
2. Paratopotypes, several & 2; paratypes, #7 2, Vergel, alti- 
tude 1000 meters, June 3, 1935, M. F. 4416; June 26, 1935, 
M. F. 4643; July 2, 1935, M. F. 4744; Finca Victoria, altitude 
900 meters, June 29, 1935; M. F. 4709, 4710. 

Erioptera (Mesocyphona) fuscodiscalis is amply distinct from 
all described members of the genus. The structure of the male 
hypopygium is entirely different from anything hitherto found 
in Mesocyphona. 
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Molophilus Curtis 


Molophilus (Molophilus) miraculus sp. n. 


Belongs to the plagiatus group; mesonotal praescutum and scutum 
pale brown, the posterior sclerites and pleura dark brown; antennae 
short; male hypopygium with the basal dististyle profoundly bifid near 
base, the outer arm a slender curved rod, the inner arm much more 
powerful, before apex produced mesad into a strong spine. 

Male. Length about 3.5 mm.; wing, 4 mm. 

Rostrum and palpi black. Antennae short, dark throughout; 
flagellar segments oval. Head dark. 

Pronotum dark. Mesonotal praescutum and scutum uniformly pale 
brown or testaceous brown, the posterior sclerites darker. Pleura dark 
brown. Halteres pale yellow. Legs with the coxae and trochanters 
brownish yellow; remainder of the legs brown, the outer tarsal segments 
somewhat darker. Wings with a gray tinge, the prearcular field a little 
brightened; veins pale brown, the macrotrichia dark. Venation: R, 
lying shortly beyond level of r-m; petiole of cell M3; about twice m-cu; 
vein 2nd A ending opposite m-cu. 

Abdomen dark brown; hypopygium more yellowish brown. Male 
hypopygium with the ventral lobe of basistyle relatively small, the 
apical beak slender. Outer dististyle with arms slender, the inner one 
longest. Basal dististyle profoundly bifid near base, the outer arm a 
slender curved rod; inner arm much more powerful, before apex pro- 
duced mesad into a strong straight spike-like spine that is about one-half 
the length of the arm itself; apex of arm beyond the spike produced into 
two or three smaller spinous points. 


Holotype, &@, Vergel, Chiapas, altitude 1000 meters, June 3, 
1935 (A. M. Dampf); M. F. 4416. 

Molophilus miraculus is entirely distinct from all other 
Neotropical species of the genus, the basal dististyle of the male 
hypopygium being quite different from any other known form. 


Molophilus (Molophilus) ductilis sp. n. 


Belongs to the plagiatus group; size small (wing, co, 3 mm. or less); 
general coloration dark brown; antennae relatively short; male hypo- 
pygium with the basal dististyle an unusually long, slender, simple rod, 
the basal portion with numerous appressed spinulae. 

Male. Length about 2.3-2.5 mm.; wing, 2.8-3 mm. 

Female. Length about 3 mm.; wing, 3-3.2 mm. 

Rostrum dark brown, palpi black. Antennae moderately long, dark 
brown throughout; flagellar segments oval, with very long verticils. 
Head dark brown. 

Mesonotum almost uniformly dark brown, the posterior sclerites a 
little darker. Pleura dark brown. Halteres infuscated, the base of stem 
restrictedly pale. Legs with the coxae and trochanters brownish yellow; 
remainder of legs brown, the outer segments passing into black. Wings 
with a weak brownish tinge, the basal portions a little more yellowish; 


| 
| 
| 








1938] Alexander: Crane Flies of Mexico 409 


veins pale brown; trichiae, including the long dense costal fringe, dark 
brown. Venation: R: nearly opposite r-m; petiole of cell M; about 
one-half to three-fourths longer than m-cu; vein 2nd A ending about 
opposite or shortly beyond m-cu. 

Abdomen, including hypopygium, dark brown. Male hypopygium 
with the apical beak of the ventral lobe of basistyle slender. Outer 
dististyle with the outer blade expanded, the inner longer and more 
slender. Basal dististyle an unusually long and slender simple rod, 
exceeding in length the outer style; numerous appressed spinulae on 
subbasal half and more scattered setigerous punctures on distal third. 
Phallosomic plate short-oval, the apex bluntly obtuse to subtruncate. 


Holotype, #, Finca Victoria, Chiapas, altitude 900 meters, 
June 1, 1935 (A. M. Dampf); M. F. 4391. Paratopotypes, 7 9, 
June 29, 1935, M. F. 4709, 4710, 4710 A; paratypes, 7, 2, Finca 
San Cristobal, altitude 1090 meters, June 19, 1935, M. F. 4560; 
Finca Germania, altitude 1190 meters, June 20, 1935, M. F. 
4571. 

This small species is readily told from all regional forms by 
the combination of small size, relatively short antennae, and 
the structure of the male hypopygium, especially of the basal 
dististyle. 


Molophilus (Molophilus) sagax sp. n. 


Belongs to the plagiatus group; antennae (co) short; general colora- 
tion of thorax dark brown, the praescutum a little brighter; male 
hypopygium with the basal dististyle a long slender rod that terminates 
in a slender straight spine, at near two-thirds the length on outer 
margin with a small acute spine. 

Male. Length about 3 mm.; wing, 3.8 mm. 

Rostrum dark brown, palpi black. Antennae short, dark brown 
throughout. Head dark brown. 

Mesonotal praescutum brown, the anterior interspaces a trifle 
darker; posterior sclerites of notum and the pleura darker brown. 
Halteres dusky, the large knobs a little paler. Legs with the fore coxae 
darkened, the remaining coxae and all trochanters obscure yellow; 
remainder of legs brown, the terminal tarsal segments darker. Wings 
relatively broad, strongly tinged with brown, the stigmal region exten- 
sively but diffusely darker brown; veins and trichia brown. Venation: 
R, lying some distance beyond level of r-m; petiole of cell M; relatively 
short, about one-half longer than m-cu; vein 2nd A long, extending to 
about opposite midlength of petiole of cell M3. 

Abdomen, including hypopygium, brown. Male hypopygium with 
the beak of ventral lobe of basistyle slender, gently curved. Outer 
dististyle slender, the outer arm a broadly dilated, obtuse blade, the 
inner arm long and slender. Basal dististyle a long slender rod, ter- 
minating in a slender straight spine; at near two-thirds the length on 
outer margin a small acute subappressed spine, the style beyond this 
point a little dilated. 
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Holotype, &#, Vergel, Chiapas, altitude 1000 meters, June 3, 
1935 (A. M. Dampf); M. F. 4416. 

Molophilus sagax is readily told from all related species of 
the genus by the structure of the male hypopygium. 


Molophilus (Molophilus) falx sp. n. 


Belongs to the plagiatus group; antennae (o”) long; general coloration 
of thorax dark grayish brown; halteres yellow; male hypopygium with 
the basal dististyle a strongly curved sickle, at near midlength bearing 
a low obtuse flange, the surface of style with microscopic appressed 
spinulae and scattered setigerous punctures. 

Male. Length about 3.8—4 mm.; wing, 4.3-4.5 mm.; antenna about 
1.8—2 mm. 

Rostrum and palpi black. Antennae brownish black throughout, 
elongate in male, as shown by the measurements; flagellar segments 
more or less fusiform or flask-shaped, the expanded basal portion with 
very long verticils that exceed the segments in length. Head dark 
grayish brown. 

Mesonotum almost uniformly dark grayish brown, the anterior 
lateral pretergites restrictedly brightened. Pleura dark. Halteres pale 
yellow. Legs with the coxae darkened; trochanters yellow; remainder of 
legs dark brown, the femoral bases restrictedly yellow. Wings tinged 
with brown, the extreme base brighter; veins and macrotrichia dark. 
Venation: R2 lying some distance beyond level of r-m so that Rex; is 
approximately three times Ry,5; m-cu oblique and sinuous, about two- 
thirds as long as petiole of cell M3; vein 2nd A long, ending about 
opposite one-third the length of the petiole of cell M3. 

Abdomen, including hypopygium, dark brown. Male hypopygium 
with the apical beak of basistyle varying from relatively stout to mod- 
erately slender. Basal dististyle a strongly curved hook, more or less 
resembling a sickle, at near midlength bearing a low obtuse flange; 
beyond this latter point, the style narrows gradually to the acute 
blackened point; surface with microscopic appressed spinulae and 
scattered setigerous punctures. 


Holotype, #, Vergel, Chiapas, altitude 800 meters, May 29, 
1935 (A. M. Dampf); M. F. 4334. Paratopotype, &, altitude 
1000 meters, May 19, 1935, M. F. 4205. 

Molophilus falx is quite distinct from all other regional 
species in the combination of elongate antennae and structure 
of the male hypopygium, especially the falciform basal 
dististyle. 


Toxorhina Loew 


Toxorhina (Ceratocheilus) chiapasensis sp. n. 


Size small (wing, o’, less than 4 mm.); mesonotum almost uniformly 
brown; pleura obscure yellow, variegated with brown on anepisternum 
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and ventral sternopleurite; legs brown, the terminal tarsal segment 
paling to yellow; wings faintly tinged with brown, immaculate; Sc ending 
about opposite four-fifths the length of Rs; anterior branch of Rs longer 
than Rs itself; cell 1s¢ M2 roughly pentagonal, r-m opposite midlength, 
m-cu opposite one-third the length; basal section of M142 longer than 
the other elements comprising cell 1st M2; cell 2nd A narrow. 

Male. Wing, 3.7 mm. 

Rostrum black, shorter than the body. 

Mesonotum almost uniformly brown, the scutal lobes a little darker 
than the praescutum. Pleura obscure yellow, variegated with brown on 
the anepisternum and ventral sternopleurite. Legs with the coxae and 
trochanters testaceous yellow; remainder of legs pale brown, the last 
tarsal segment paling to yellow; claws simple. Wings with a faint brown 
tinge, immaculate; veins dark brown. Macrotrichia of veins numerous, 
including extensive series on distal three-fourths of Rs, all but base of 
anterior branch of Rs, both sections of vein R;, and all outer medial 
veins. Venation: Sc relatively long, Sc; ending about opposite four-fifths 
the length of Rs, Sc. atrophied; anterior branch of Rs long, exceeding 
Rs itself; cell R, at wing-margin about one-half cell Ry; cell 1st Me 
roughly pentagonal in outline, the longest element being the oblique 
basal section of M142; cell 1st Mz shorter than any of the veins beyond 
it; r-m opposite midlength of cell /s¢ Mz, m-cu at near one-third the 
length; basal section of M3,, a little shorter than the distal section of 
vein Cu; cell 2nd A narrow; vein Ist A nearly straight, its basal portion 
not approximated to Cu as is common in the genus. Abdomen broken. 


Holotype, &%, Finca Belem, Chiapas, altitude 800 meters, 
June 22, 1935 (A. M. Dampf); M. F. 4596. 

Toxorhina (Ceratocheilus) chiapasensis is very distinct from 
the remaining Neotropical species of the subgenus so far made 
known. In the venational characters of long Sc, position of 
m-cu beyond the fork of M and slight basal approximation of 
veins Cu and 1st A, the fly comes closest to the white-footed 
species, 7. (C.) leucostena Alexander (Dutch Guiana) and 
T. (C.) niveitarsis Alexander (Panama-Colombia). It differs 
conspicuously in the small size, darkened legs, and, especially, 
the details of venation, as in the medial field where the basal 
section of vein M,,». exceeds in length the second section. 


Toxorhina (Toxorhina) trilobata sp. n. 


General coloration gray, the praescutum with three brown stripes, 
the median one divided behind; halteres yellow; legs yellow, the tips 
of all tibiae conspicuously blackened; male hypopygium with the apical 
spine of basistyle slender; outer blackened lobe of dististyle trilobate; 
arms of aedeagus of moderate length, subtended and slightly exceeded 
by the blades of the gonapophyses. 

Male. Length, excluding rostrum, 8-10 mm.; wing, 5.5-6.5 mm.; 
rostrum, 4.5-5.5 mm. 
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Female. Length, excluding rostrum, 10-11 mm.; wing, 6-7 mm.; 
rostrum, 5-5.5 mm. 

Rostrum pale brown, the base and apex narrowly more blackened. 
Antennae black throughout. Head gray, the anterior vertex more 
yellowish gray. 

Pronotum and cervical region black. Mesonotum gray, the lateral 
margins lighter; praescutum with three conspicuous brown stripes, the 
median one very narrowly divided on posterior portion; scutal lobes 
darkened. Pleura gray, sparsely variegated with darker on ventral 
anepisternum and ventral sternopleurite. Halteres light yellow. Legs 
with coxae gray; trochanters obscure yellow; remainder of legs yellow, 
the tips of all tibiae conspicuously blackened; outer tarsal segments 
weakly darkened. Wings subhyaline, the prearcular and costal portions 
a little more yellowish; veins dark brown, the prearcular ones paler. 
Venation: Sc ending opposite or before origin of Rs; m-cu before fork 
of M. 

Abdomen elongate; basal tergites brown, the caudal margins a little 
darker; subterminal segments more uniformly darkened; basal sternites 
more uniformly bicolorous; hypopygium reddish brown. Male hypo- 
pygium with the apical spine of basistyle very slender. Dististyle com- 
plex in structure, the darkened basal portion trilobed, the more basal 
lobe obtusely rounded, the outer lobes slender; outer blade of style with 
a triangular flange on outer margin. Arms of aedeagus of moderate 
length, slightly exceeded by the subtending blades of the gonapophyses. 


Holotype, #, Vergel, Chiapas, altitude 800 meters, June 3, 
1935 (A. M. Dampf); M. F. 4417. Allotopotype, 9, pinned with 
type. Paratopotypes, several of both sexes, May 13—June 12, 
1935, M. F. 4151, 4268, 4334, 4385, 43898, 4502, 4503, 4524. 
Paratypes, 2 2, San Cristobal, June 19, 1935, M. F. 4560; 
Finca Belem, altitude 800 meters, June 23, 1935, M. F. 4602. 

The nearest ally of the present fly is Toxorhina (Toxorhina) 
mendosa Alexander (southern Brazil) which differs chiefly in 
the details of structure of the male hypopygium, as the stout 
apical spine of the basistyle and the differently constructed 
dististyle. 


THREE COLOR ILLUSTRATED INSECTS OF JAPAN, by Masayo Kato. 
Fasc. II. Odonata. Fifty colored plates and plate legends. 1933. Pub- 
lished by MARUZEN Company, Ltp., P. O. Box 605, Tokyo Central. Price 
Yen 3, postpaid. 

In shopping around for literature on Odonata we purchased this interesting 
little volume. While it is wholly Japanese in language the arrangement is not 
inverted. It is a series of colored plates of Japanese Odonata. 

The volume bound in cloth is Fasc. II of a series as follows: I. Dermaptera 
and Orthoptera; II. Odonata; III. and IV. Homoptera; V. Heteroptera, Neur- 
optera, etc.; VI. and VII. Lepidoptera; VIII. and IX. Coleoptera; X. Diptera 
and Hymenoptera.—C. H. K. 
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